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Technique and Physiology of Static 



AND 



Other High-Frequency Currents. 



rNTRODlTCTION. 

1 . Static electricity is the first of the electric modalities that 
has been used in medicine. It was employed very frequently 
by physicians during the last lialf of the 18th century and the 
works published during that time on electrotherapy are well 
worth perusing. 

The application of the discoveries of Galvani, Volta, and 
Faraday in the first half of the IDlli century caused static 
electricity to be so much forgotten that Duchenne, Remak, 
Onimus, and Erb scarcely mention its use, or if tliey do 
mention it, it is simply as a very unimportant agent. The 
truth of the matter is that static electricity was discarded by 
physicians on account of tlic uncertainty and imperfection of 
the generators of static currents. The static maciiines then in 
use could not be relied on. Physicians of one hundred years 
ago understood and appreciated the value of static currents in 
medicine, but it too often happened that just when they most 
needed currents for treating patients, the static generator 
would not work at all. The currents from the voltaic pile 
and the magneto-electric generator were the ones generally 
used by the physician from 1800 to within comparatively 
modern times. 

The modern revival of static electricity in medicine is due to 

For notice of copyright, tee pagf immediately following the title page. 
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2 TECHNIQUE AND PHYSIOLOGY §5 

the labors of Vigouroux and d'Arthuis in France, of Stein in 
Ciermany, and of Morton and his students in this country. To 
the labors of these well-known teachers should be addo<l the 
improvements made in the mechanical and electrical construc- 
tion of static generators. The static machine of today can be 
relied on to produce an efficient current every day of the year, 
and the physician who understands how to care for and use it 
has an electric generator always at his command. We wish to 
state that static currents occupy an important place in modern 
electrotherapeutics. 

Up to 1880 there is no mention made of static currents in 
electrotherapeutic literature. The question always was of 
general electrification, positive or negative, of breezes, sprays, 
and sparks. Between 1880 and 1891, Wm. J. Morton, M. D., 
of New York, described both the direct and the in<lirect 
Franklinic interrupted currents, and th(*se current^ are now 
generally known as spark-g^ap or Morton currents. The 
indirect Franklinic interrupted current is frequently described 
as the static induced current. 

In 1893, S. H. Monell, M. D., described a modification of the 
direct Franklinic interrupted current under the name of poten- 
tial alteinuUioii. In 1899, the technique of potential alterna- 
tion was somewhat simplified by Wm. J. Morton, M. D., under 
the name of the electrostatic wave-current. This latter current 
has become very popular within a few years, due mostly to the 
writings of Doctors Morton and Snow. The electrostatic wave- 
current and potential alternation are both direct Franklinic 
interrupted currents, because the current as it is generate<l by 
the static machine is interrupted when apj)lied to the patient. 
In the indirect Franklinic interrui)ted current, or tlu; so-called 
static induced current, the current as generate<l by the static 
machine is utilized in charging the internal armatures of the 
Leyden jars, and the charges therel>y induced on the external 
armatures are utilized in the treatment of the [mtient: the 
direct static current is interrui)ted in order to produce a second- 
ar}', or indirect, current in which the patient is placed. 

In 1893, d'Arsonval pul)lished his classic studies on tlie physi- 
ological actions of the currents tiiat are now usually described 
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as high-frequency, or Tesla-d'Arsonval, current*. In this Sec- 
tion we shall consider the technique and physiological action of: 

1. General electrification, positive and negative. 

2. Breez(»s, sprays, and sparks. 

3. The Franklinic interrupted current, direct and indirect. 

4. Potential alternation. 

5. Electrostatic wave-current. 

6. High-frequency current of d'Arsonval. 



STATIC MACHINES. 

2. With reference to the composition of their revolving 
plates, static machines may be divided into two classes; 
nauH^ly, (1) (jlaas-plaie viachines; (2) mica-plate machines. The 
glass-plate machines now generally used in electrotherapeutic 
and X-ray work have eight, ten, or twelve revolving plates, 28 
or 30 inches in diameter. When the glass- plate machines are not 
constructed so as to he self-exciting, they are provided with a 
small Winjshui-st charger in the same case. Glass-plate 
machines are capable of running within limits of safety at about 
400 revolutions j)er minute. Glass-plate machines require some 
agent, usually caknuiu chlorid or sulfuric acid, within the case 
in order to obtain from them their maximum of efliciency. 

The four sizes of mica-j)late machines on the market have 
two, four, six, and eight revolving mica plates; the glass plates 
are stationarv. The sizes of these machines are as follows: 

1. Four-plate static machines have two revolving mica 
plates 28 inches in diameter and two stationary glass plates 
31 inches in diameter. 

2. Eight-plate static machines have four revolving mica 
plates 28 inches in diameter and four stationary glass j)lates 
31 inches in diameter. 

3. Twelve-plate static machines have six revolving mica 
plates 28 inches in diameter and six stationary glass j)lates 
31 inches in diameter. 

4. Sixteen- j)late static machines have eight revolving mica 
plates 28 inches in dianjeter and eight stationary glass i)lates 
31 inches in diameter. 
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A mica-plate static machine can be run upwards of 2,000 
revolutions per minute. It is claimed for mica plates that 
they remain dry and that they do not condense moisture 
under the most unfavorable atmospheric conditions; they 
therefore require no calcium chlorid or sulfuric acid within 
their case. 

A static machine serves three purposes in a physician's office: 
It generates electric currents that are applied therapeutically; 
it generates ozone that is applied therapeutically; it is a first- 
class electric source for the generation of X-rays for diagnostic 
and therapeutic purposes. A good static machine in a physi- 
cian's office will always be ready to supply an efficient current 
for therapeutic and X-ray purposes. 

The electrical output of a static machine depends on the 
number and diameter of the plates and on the rapidity with 
which they are made to revolve. 



THE HOIiTZ INDUCTION-MACHINE. 

3. Varieties of Holtz Induction-Machines. — There 
are obtainable today several sizes of Holtz induction-machines 
for therapeutic and X-ray purposes, but those in most common 
use are the 10-plate 28-inch machine, and the 12-plate 30-inch 
machine. The difference in price between these two machines 
is not much, but the latter is larger and more powerful than the 
former. They may be run by hand- or water-power, but a 
J^-horsepower motor, if a street current is obtainable, will be 
found the most convenient and serviceable. A rheostat, (a) 
Plate I, of 150 or 175 ohms resistance will be recjuired to regulate 
the motor. Means should be provided for cutting ofl the cur- 
rent, so that it does not heat the motor or rheostat when the 
machine is not in use. The room in which a static machine is 
placed should be large and dry. When first placed in a room 
the machine should he solidly and evenly fixed. On the proper 
position of the case depends the steady even motion of the 
machine, provided that the i)lates, combs, and internal parts 
are properly put together. Figs. 2 and 3, Plate II, illustrate the 
electrodes employed in the therapeutic uses of static currents. 
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4. Hoi;v to Keep the Plates Dry. — Ten pounds of 
calcium chloric! should be divided among three or four fireproof 
dishes, and placed in an oven until the calcium chlorid hi 
thoroughly baked. The time required for the baking varies, 
but the important point is to take care that it is thoroughly 
done. The dishes are then placed within the case of the 
machine, and the doors instantly closed and firmly secured 
until it becomes again necessary to reopen the case. During 
the winter, when the air of the room is dry and heated, the 
calcium chlorid is not actually needed, yet the inside of the case 
is a convenient place to keep it. During the spring and fall 
months the dishes should be taken out of the case at least once 
a month, rebaked in the oven, and then returned to their former 
place. In the warm rainy weather of the summer it will be 
advisable to repeat this process once every week. The condition 
of the calcium chlorid will determine the necessity of rel)aking. 

A single 10- pound can of calcium chlorid will in this way 
serve to keep the interior of the case free from moisture, and the 
plates and conductor dry for 1 year, or longer. 

5. How to Ground the Poles and Electrodes. — This 
is readily done when the office is supplied with both gas and 
water. In the absence of these, two iron pipes can be driven 
into the ground in convenient places until they reach moisture. 
Two separate groundings are advantageous — one for the prime 
conductor not in use and the other for certain electrodes. 
Having secured metallic conduction to the earth, either by 
means of gas- and water-pipes or the two iron pipes driven into 
the ground, the office terminals of these groundings may be 
brought to a working distance from the machine by joining to 
them a piece of stout copper wire. The copi)er wire may be 
brought along the wall to within a short distance of the 
machine and bent to terminate in a hook. A chain that accom- 
panies every static machine is then attached to the copper wire, 
and the free end of the chain is provided with a hook, by which 
it is attached to the pole not in use, or to a convenient place on 
the wall when the machine is not in service. Two grounding 
connections are advantageous in general j)ractice. 
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The metallic grounding for the electrode is ohtained in the 
same manner. The chain of the electrcKle may be directly 
attachcnl to a chandelier if it i8 of good conducting material. If 
the chandelier is not made of good conducting material, apiece 
of Btout copper wire can he secured to the pipe as it leaves the 
ceiling and brought witliin reaching-distance of the operator, 
A gas-bracket on the side of the wall may be used in the 
same way. 

6. Essential Points. — The essential points in the ground- 
ing of the prime conductor and various electrodes are: 

1. Tliat the connection with the earth is made by metallic 
pipes instead of merely dropping a chain on the office fioor, as 
is done by many. 

2. That the room terminals of the metallic pipes are brought 
by njeans of a j)iece of stout coj)})er wire to a convenient work- 
ing distance near the prime conductors and the operator. Two 
groundings are essential in order to obtain all the best results 
from the static machine. Ili^h-potential difTerence between 
the two static jxjIcs can only lie secured by good metallic 
grounding. This /.s one of the nKtst nnporUint of the rudimentary/ 
princijilcfi of nsimj .sfdtic elect ricitt/ in inaUcine. Mdiiy hare failed 
to i)rociire (jond results with fine nmchiiies simpli/ throuijh want of 
knowledye of fhii^ fact. 

7. The IMiitforin. — The platform is supiH)rted on insu- 
lating glass rods 1 foot high, and is usually made of oak with 
natural- wood surface, which should be sni(K)th. Thti platform 
conducts best without a coating of Fcbellac, oil, or varnish, for 
they are bad conductors and interfere with the passage of elec- 
tricity to the insulated patient. TIk; corners of the platform are 
rounded, to lessen the tendency of the electric charge to escape. 
Moistening the surface of the platform will increase the con- 
ductivity, but this is better done by the use of a metallic foot- 
plate connected by a sliort jjiece of chain to the platform-rod. 

8. The platform is usually placed some distance, about 
2 feet, from the prime conductors. If the patient is too near the 
negative j)rime conductor, while the platform is connected witli 
the positive pole, and the factors of a strong current and high 
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resistance are present, it may prove disagreeable to the patient. 
In making all static a[)plication8, the oj)erator must habituate 
himself to keeping out of sparking distance from tlie patient. 
Carelessness in moving about the platform will often n^sult in 
giving the patient an unexpected shock, and in lessening his or 
her confidence in the skill of the operator. 

The electric current is conveyed from the prime conductor to 
the j)latform along a metallic rod, curved at one extremity for 
attaching it to the sliding- pole, and terminating at the other 
extremity in a round ball, which rests on the platform. This 
metallic rod should be attached to the sliding- pole with the end 
of the crook pointing toward the platform. 

9. Method of Conducting: Current. — There are two 
methods of conducting the current in a direct manner from the 
prime conductor to the patient: 

1. By placing the metallic conductor in the hands of the 
patient. 

2. By placing a brass i)liite 15 or 10 inches square beneath 
the feet of the patient. One corner of this brass plate is 
perforated, to give attachment to a brass chain about 2 feet 
long. The metallic conductor may then rest on any part of the 
platform, and can be connected to the brass plate beneath the 
patient's feet by means of the chain. 

Either of these methods gives direct metallic conduction, 
which affords the best metliod when it is desired to use the 
entire electric output of the machine. When the current is 
interrupted by sparks in any part of its circuit, the brass plate 
under the feet will sometimes prove disagreeable to the j)atient 
wearing shoes with thick soles and nails in the heels. To avoid 
this the rod may be held in the hands. 

To determine whether or not the patient on the insulated 
platform is receiving the full current-strengtli coming from the 
machine, instruct him to approach his fingers to the conducting- 
rod between the platform and the prime conductor. If no 
sparking occurs on performing this, it shows that the jmtential 
of the patient and the prime conductor is the same, and that he 
is getting the entire current from the machine. If sparking 
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does occur, it demonstrates a difference of potential. The 
length of the sparking distance affords an accurate measurement 
of the amount of current-leakage. 

10. How to Distinguish Polarity. — Mrttj start the 
machine slowly in motion; and, with the sliding-poles about 
an inch apart, observe carefully the first spark that passes. 
The pole from which it starts is positive, and the one to which 
it goes is negative. 

Second, with the machine in moderate motion, the spark- 
stream will have a violet color near the negative pole, and there 
will be a white handle of light coming from the positive pole 
when the spark-gap is an inch or two in length. With a long 
gap this is reversed. 

Hiird, with the poles about 6 inches apart and the spark- 
stream compact, place a grounded electrode on one pole. This 
will conduct the current to the earth and stop the spark-stream 
if the pole is positive. If the grounded electrode is placed on 
the negative pole, the spark-stream will be increased in energy 
' and more coni[)act in appeariince. This is a crucial and very 
easily f)erfornied test for determining jmlarity, and when cor- 
rectly done is quick and infallible. 

The fox-tail phenomenon is only seen on tbe positive side of 
the spark-stream. If the operator from the beginning trains 
his eye and ear to the motions and noises produced by his 
machine, he will always be able to determine without these 
tests what polarity he is using. 

Fourth, take a stick of wood and bring it near the discharge 
balls while they are in sparking distance, the positive (-(-) 
electricity will follow the wood, the negative ( — ) will not. 

Fifth, look at the combs between the plates: at the negative 
side you will see blue flames, at the positive only points. Thi^ 
sign is more valuable than the other four, l)ecause you can see 
it while the patient is on the platform and being treated. 

11. How to Charge the Holtz Machine. — Without an 
initial charge the induction-machine is of course useless. This 
initial charge is now given by a small Wimshurst machine sup- 
plied for the purpose. The two poles of the small Wimshurst 
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charger are connected by two metallic rods with the two poles of 
the induction-machine. Both sets of plates are now set in 
motion, and the small initial charge communicated by the 
Wimshurst is multiplied by the plates of the induction-machine 
into a current of high potential. This process usually requires 
about a second, but it may require a half-hour if the machines 
are neglected, damp, and in bad order. If the Wimshurst is of 
superior make, giving a spark of about 1 inch, the charging is 
usually rapidly accomplished. During the charging the sliding- 
poles are placed about an inch apart at first, then short- 
circuited to disconnect the charger, and then drawn wide apart. 
A good Holtz machine may run an entire winter with the 
original charge given at the beginning of the season. Even in 
summer it will not often discharge if the chlorid is kept dry. 
It is, however, not any trouble to excite the plates, and the fact 
that they occasionally discharge is no longer a drawback. 
Plate III illustrates method of charging the Holtz induction- 
machine. There are now self-charging Holtz machines. In 
fact every static machine can be made self-exciting or not. 

12. How to Discharge the Holtz Machine. — Revolve 
the plates backward, with the sliding-poles gradually approach- 
ing each other until the sparking ceases. Now touch both poles 
with grounded electrodes. To demonstrate the success of this 
procedure, set the poles again in motion in the right direction. 
If the procedure is successful, no sparks will pass, and there 
will be no evidence of any current. 

13. Reversed Polarity. — The IToltz machine rarely 
reverses its charge, and never during the treatment of a 
patient. When it occurs it does no harm. If the change of 
polarity is recognized, the operator can accommodate himself 
to the change by simply shifting the conducting-rod to the 
desired pole. A changed polarity may not always \ye con- 
venient, on account of office arrangement and the formed habits 
of the operator in using his electrodes. 

14. HoMT to Correct Reversed Polarity. — 1. The 

machine must first be thoroughly discharged, and then its pos- 
itive end lifted slightly from the floor and let drop suddenly. 
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rolat'r i\i(', j;lal*-H ha*. k ward o •»r 6 liii.r^: ir.rr. r^rinove the 

5. .S'rt a L<v<h:ij jar in ciniari wiih t-iii.rr j.riii.e o^nductor 
and <;har;.": it l>y n.-v-ilviiiir the j»l:ii»-s aii«i >» j-araiihi: ihrsliding- 
pi'Jj-, lli<;n r^jfuovr- jnr. tK:iiip careful iii«t lo 'lisi hanif it. Give 
lh<; riiarliiiH- a f^w lurij« liackwanl aii«l t-a:* h I ho prime con- 
*lii':lor}- wiili till- liaiMl?- or a jrn»uii<leil »-i»'ttr«»ilv i. . remove nXi 
i-lirtririt y, IIm-ii h-X jar hack on nia« liiiu- ainl in «;i>ntacl with 
III*' |»iiin*' <-oMrlnftor oppn.^if/ tin- mn- tr«»ni wliicli it was taken, 
;-.lail tfi«: iiiacliino into action and tlie pi>larity \\\\\ \n.' changed. 
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PLATFORM METHODS. 

15. Static treatment, in the insulating methods of its 
application, differs widely from the other varieties of electric 
currents. Well- moistened electrodes and rheostats are not in 
evidence. Disrobing, which causes so much trouble and loss 
of time in galvanic and faradic treatment, is entirely dispensed 
with. The patient steps upon the insulated platform in the 
same apparel that he or she wears on the street. 

16. Chanvcter of Static Treatment. — With one excep- 
tion every static treatment is general. The breeze, 6j)ray, or 
spark may be used to alter pathological conditions in loailized 
portions of the body, but the fundamental j)rinciple of static 
treatment is general electrification. The insulated platform is an 
essential part of every static treatment, with the single excep- 
tion of the indirect Franklinic interru})ted current. Without it 
there would be no accumulation of electricity, no spark, no 
breeze, no spray. This njay be easily verified by standing on 
the floor and placing one hand on the j)rime conductor. The 
current will pass through the body in its normal current- 
strength to the ground. There will be no evidence of accumula- 
tion such as is produced on the insulated platform. S[)ark8 
cannot be drawn from the l>()dy. The hair is not erect. None 
of the usual static effects are produced. 

17. Aecuiiiulatioii. — Accumulation is therefore of vital 
importance in obtaining therapeutic results, and every care 
should be taken to make it as comj)lete as })ossible. The 
insulated platform is j)rovided with an ordinary chair devoid 
of all metiillic ornamentation. A stool without a back is often 
very convenient, but a chair with an oi)en back may be made 
to answer nearly all purposes. In si)ecial forms of treatment, 
particularly in cases of weak and debilitated patients, a recli- 
ning-chair or steamer-chair will be found very serviceable. It 
should be placed on the platform in such a way that the active 
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prime conductor is opposite the head. Attention to this will 
avoid irritation to the patient from woolen clothing with an 
opposite breeze. 

The patient need rarely be requested to divest himself or 
herself of metallic ornaments to avoid annoyance during treat- 
ment. Hairpins, corsets, buckles, eye-glasses, watches, and 
jewelry only cause irritation when a breeze or spray is given 
over them with a strong current, the positive pole to the plat- 
form, and with but partial skill. It does not affect a watch. 



SEIiF-TRKATMENT. 

18. Before performing operations on the living body, the 
surgeon acquires confidence in himself and skill in his manipu- 
lations by operating on the cadaver. Skill and confidence in 
static applications are most quickly acquired by self-treatment 
Plates IV and V illustrate the technique of self-treatment by 
static currents. The physician can in this manner test the 
sensory and motor effects of the different kinds of sparks on 
almost any part of his body. The sensory and motor effects 
of the long percussive spark and of the short frictional Bpark, 
positive or negative, on parts well cushioned, and also on those 
unprotected by fat and muscles, should be studied and com- 
pared. The sensory effects of the breeze and spray, positive or 
negative, interrupted and continuous, on the bare skin and 
through fabrics having different resistances, should be carefully 
studied by the i)hysician on his own body, if he would succeed 
in applying the breeze or si)ray with pleasant and beneficial 
results to his patient. 

This method of self- treatment is strongly recommended to 
the student before he uses static currents on his patients, as it 
is just as important that he acquire an accurate knowledge of 
the sensorv and motor effects of these currents in order to 
obtain success as it is for the surgeon to practice operating 
on the cadaver. 

Experiment I.— Stand on the platform as illustrated in 
Plate IV. With the plates in moderate motion, deliver a few 
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sparks on the thickest part of the muscles of the leg and then 
on the forearm 1 inch above the wrist-joint. The positive spark 
is less penetrating and is milder in its sensory efTect than the 
negative, and should be tried first. Now connect the platform 
with the positive prime conductor and repeat the same 
process. The difference between the positive and the negative 
sparks is due to the higher voltage of positive insulation. 
Before causing the plates to revolve rapidly, rub the ball 
electrode briskly over the muscles of the leg and up and down 
the spinal column, observing the effects produced. 

Experiment 2. — Connect the platform with the positive 
prime conductor, and sit on the platform chair with the breeze- 
electrode in your hand. Ground the electrode and the conduc- 
tor not in use. First test the effect of breeze and spray on the 
dorsum of the bare hand. Next cover the hand with loosely 
woven woolen goods and repeat the same process, testing breeze 
and spray. Different fabrics may be thus tested until the 
physician has satisfied himself that he is familiar with the 
effects of different resistances when using breeze or spray with 
positive electrification. This is the only way by which the 
physician can learn to develop the tonic, sedative, counter-irri- 
tant, and rubefacient effects of the negative spray. The l)land 
sedative qualities of the positive spray often elicit expressions of 
gratitude, yet the counter-irritant rubefacient effects of the 
negative spray are more closely connected with the jnithological 
lesions of chronic maladies. 

Both the positive and the negative breezes are bland and 
sedative when applied to the bare skin, but the negative breeze 
through the required resistance can be made to blister the skin 
with a few minutes' application. 

Experiment 3. — Always ground the electrode and the j)rime 
conductor not in use. Stand on the platform as illustrated in 
Plate IV, but do not ground either the electrode or the pole in 
use. With the plates in ra})id motion, ai>})ly a few sparks to 
the quadriceps muscle. Now ground the })ole not in use and 
also the electrode, and deliver a few sparks as before, and note 
the effects of both applications. 
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Experiment 4. — With the machino arranged for potential 
alternation^ 08 illustrated in Plate VI, start the plates, in rapid 
motion, and separate the )>all of the electrode in the movable 
stand from the terminal of the **shepherd's crook" connected to 
tlie positive prime conductor to a distance of about 4 inches, and 
observe carefully the thickness of the spark-stream. Now take 
the grounding ofT the fixed electrode, and the spark-stream will 
be diminished one-half. This is a very important experiment, 
and will demonstrate to the student the advantage of providing 
metallic grounding for the electrode in order to obtain maximum 
current-strength, and, therefore, maxinmm therapeutic results. 

81MPL.E POSITIVE KJ^KCTRIFICATION. 

19. Method of Procedure. — Seat the patient on the 
platform and connect the positive pole (/ with the platform by 
means of the usual nieiallic rod h. The patient's feet are 
jjliiced on the l»rass plate c that is connected with the metallic 
conducting- ro(l I) l»y means of a chain. The negative pole d' 
is j^n'onndcd. lU-fore setting th(i j>lates in motion, separate 
the sli(lin^'-])ole.s t«> tln^ir greatest extent, otherwise disagreeable 
spa rkinj^ will take place between the brass i>late and the soles 
of tin; patient's feet. Durinj^ simple electrification, either 
positive or nf;/ative, the sli(lin»:-poles should l>e always separated 
to their ^^reatest extent. It is i)nlv when Levden iar currents 
are used that the poles are approximated. Sim}>le positive 
electrification is illustrated in Plate VII. 

20. Charactel' of Simi)le I'ositive Kleetrineation. 

Simple positive eU^ctrification, on account of its higher voltage, 
is much more energetic than 8imj)le negative electrification. It 
subjects the patient to a stronger and more energetic current, 
and is corres]>ondingly more valuable as a theraptaitic agent. 
WUJi (I jfnurrj'nl ,s(ntic nuicJiine in (/(xkI wnrkbuj onJer^ the c/nficc of 
pnlcft nmki's Utile (Viff ere mr; and^ hy rrguhUiiuj the (hisf^ ncarh/ etiunl 
(ffecta can he fuUHhirrd. With <i small machine (giving only a small 
electrical output^ it may he always necesmry to use the hi(jhe:r- 
putential polarity. With a good electric output and proper 
technique, both polarities may be made to produce almost 
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similar effects. If the negative breeze with positive insulation 
should prove too irritating, the irritation will be moderated by 
diminishing the current- resistance. The negative breeze is not 
irritating through cotton material or on bare skin. In the 
various static applications the resiMancc of the clothing should 
be carefully studied, and it can be increased or decreased 
as indications require. 

2 1 . The Aclvanta^ces. — Simple positive electrification has 
a wide field of usefulness. It is perhaps the great tonic of the 
future. It is simple and easy to administer, and enveloj>8 
the patient in an atmosphere of positive electricity. With the 
machine in rapid motion, large quantities of ozone are also 
generated. This is inhaled by the patient, and is considered by 
some to heighten the tonic effects of electricity. The treatment 
is applicable to any age, to the infant in the mother's arms and 
to the extreme limits of old age. In cases of simple positive 
electrification, with no local modifications in method, several 
persons may be treated at the same time on one large platform. 
In order to obtain the best therapeutic results, a maximum 
current is necessary in this form of treatment, and the patient 
should rest quietly. Conversation is not beneficial during the 
seance, as it keejis the nervous system more or less excited. 

Plate VIII illustrates a verv useful method of administer- 
ing simple ])ositive electrification. The patient holds the 
connecting-chain in his hand and reclines on a steamer-chair. 
This puts the i)atient at complete rest, and enables liim, when 
debilitated from disease, to ol)tain the niaxinmm benefit from 
each electrification without fatigue. 

8IMPL.E NEGATIVE ELiECTRIFICATION. 

22. Chai-acter of the Treatment. — TIkj platform is 
connected with the negative pole l>y the conducting-rod. The 
chain attached to the copper wire leading from the water- or 
gaa-pipe is hooked to the jmsitive j)ole. The metal j)late is 
placed under the j>atient\s feet or he may hohl the condu(»ting- 
rod in his hand. There is no need to apprehend atmoyanee 
during 8imi)le negative electrification, on account of the lower 
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voltage of the current. There is seldom any sparking within 
the case, and no irritating hreezes from without This method 
of treatment affords a safe means of l)eginning static treatment 
in cases of nervous and easily excited patients. Every form of 
static treatment should be administered with studied care, in 
order to give to the patient the best therapeutic results with a 
minimum amount of annoyance. Indeed, it should be the aim 
of the operator to make every treatment as agreeable and 
pleasant to his patient as is compatible with thorough 
energetic treatment. 

These two forms of treatment are often called static inmUUian 
or sUitic baths. It is simple electrification continuous. 

2«J. Pliyslologrlcal TCifects. — A patient placed on an 
insulating platform and connected with one pole of a static 
machine acciuires the same potential as the machine itself: 
electricity escapes from all the prominences of his body and he 
is traversed i)y an electric current of high potential. The efifects 
on the sensory nerves of the patient are reduced to a very feeble 
sensation and there is absolut<Ov no reaction of motor nerves 
and muscles. What then takes place within the tissues of 
the patient during the general static electrification, positive 
or negative, or does not tlie organism react to this mode of 
electrification? 

This i|uestion hiis been considerably elucidated, thanks to the 
researches of Vigouroux, d' Arson val, Morton, Truchot, Bordier, 
etc. We shall examine successively the different functions 
affected by general electrification. 

The pulse is increased in fre^piency and may exceed the nor- 
mal by 20 per cent. The acceleration of the pulse is not limited 
to the duration of the seance; it may persist for several hours. 
Aft^r a number of treatments by general static electrification 
the fre(|uency of the pulse maintains itself for 7 or 8 days. 

Arterial tension is increased; all investigators agree on this 
point. Charcot demonstrated the influence of general electrifi- 
cation on the tension of the arteries in the following manner: 
A patient who had just been bled and for whom the flow 
of blood had just been stopped, was placed on an insulated 
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platform in connection with one pole of a static machine: 
the blood recommenced to flow. 

The central temperature is increased. Vigouroux estimates 
this increase at about .3** F. After electrification the temper- 
ature returns slowly to the normal. M. Damian claims that 
positive insulation increases the temperature more than negative 
insulation. 

D'Arsonval has measured the respiratory capacity in animals 
and man before and after general electrification. If one 
measures the oxygen absorbed and the carbon dioxid exhaled, 
there will be found to be a sensible increase in their quantities 
as a result of general electrification. D' Arson val has found 
that the respiratory capacity of the blood increases from one- 
tenth to one-eighth during static insulation. Ozone may, how- 
ever, bean important factor in the oxidation of blood corpuscles. 
The secretion of the sudoriferous glands is also increased during 
static insulation. Not infrequently one sees the hands and 
forehead of patients become moist with perspiration during the 
administration of general electrification. 

The most important secretion to consider is evidentl}' the 
urine. For the ancient authors static electrification increased 
all secretions, the saliva, the sweat, the tears. D' Arson val 
found a considerable increase in the amount of urea for 
24 hours. Uric acid and phosphoric acid are also increased. 
The volume of urine is not sensiblv increased. 

24. Dynamometric Action. — Truchot measured the 
dynamometric force of his right hand before and after static 
insulation and invariabl}^ found an increase of 2 Kilos. 

25. Action on Digestion. — Under the influence of stati(! 
electrification the digestive functions are accelerated and the 
appetite is considerably increased. 

There can be no doubt then that static electrification increases 
the pulse rate and raises arterial tension; that respiratory com- 
bustion is augmented ; and that all the secretions of the body are 
increased in activity. 

One can easily comprehend, then, how static electrifica- 
tion, when properly administered and when the seances are 
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sufficiently separated from one another, produces favorable 
results by facilitating oxidations and by increasing the amount 
of urea excreted, and how they can, when wrongly administered 
and too frecjuently repeated, overreach their mark and diminish 
the urea, and at the same time increase the excretion of other 
nitrogenous compounds. Static electrification should therefore 
!)e administered with circumspection, and one should not say 
that if it does no good it can do no harm. 



liOCATj METHODS, 

2G. Function. — Tlic two methods of static treatment 
already deficril)ed act on the entire system without selecting any 
special organ or any si)ecial symptom on which to localize their 
therapeutic properties. The methods referred to expend their 
influence alike on sound and healthy tissues, on organs whose 
functions are normal, as well as on those whose organic physi- 
ology is well-nigh destroyed. The most salient fact of static 
therapeutics is that each individual submitted to its action 
receives, during the entire seance, the j)otential effects of 
general treatment, and that any special portion of his or her 
body, whether central or peripheral, may at the same time be 
modified in its function l)y local static methods. Nothing like 
this is possible with the therapeutic methods emj)loyed in 
treating disease with galvanic and faradic currents. The action 
of local static applications exerts a powerful influence far beyond 
the area on which it falls. The surface stimulation of sensory 
nerves, as has been demonstrated by Doctor Hodges, is trans- 
ported to the central ganglia, where it produces lasting eflfects. 
Locomotor ataxia in its first and second stages is thus treated 
by local static methods, and in the great majority of casos the 
malady is for a time arrested. This can be explained in no 
other way than by assuming the transmission of peripheral 
stimuli to the central ganglia and the establishment there of 
enduring nutritional effects. 

27. Kinds.— The local static methods in the order of their 
therapeutic projjertics are the breeze, the sj^'aj/, and the spark. 
The breeze and the spray are convective discharges; the spark 
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for by the lower negative insulation employed in its use. The 
main difference between the two poles of the static machine is 
that of a greater and lesser potential in the same current-action. 
With the skilled use of the electrodes, and the proper disposition 
of attractions and resistances, one pole may be made to produce 
nearly all the effects of the other. Naturally, in simple 
positive electrification, on account of the higher voltage of the 
current, the metabolic, nutritive, and other properties of high- 
potential high-frequency currents will be more pronounced 
than in simple negative electrification. 

THE NEGATIVE STATIC BREEZE. 

•JO. Method of Procedure. — The positive pole is con- 
nected with the platform and the negative pole is grounded. 
The negative breeze may be administered in the same manner 
as the i)ositive. It may be continuous or interrupted, movable 
or jstatioiiary. On account of the higher voltage of positive 
insulation, attraction and resistanc^e must be carefully observed. 
Through linen and cotton fabrics and on the bare skin the 
negative l)ree7.e is cool and sedative, but it may be made highly 
stimulant and counter-irritant when the skilled operator wishes 
to produce such effects. 

When the hair is very thick, this form of head-breeze 
with j)ositive insulation may be unbearable. By the patient 
continually shifting the position of his head or by keeping the 
brass-jminted electrode in motion, the negative breeze may be 
used without causing discomfort when indications demand it 
Metal hairpins should he changed for vulcanite. Steel corset- 
blades will also cause a burning, disagreeable sensation with the 
negative breeze. In all these cases the essential thing needed 
to bear in mind is correct regulation of the dose. 

•tl . Xatiire of Negative Breeze.- The negative breeze, 
like the positive, is cooling and sedative when applied to the 
bare skin, or through linen or cotton materials, but it may be 
rendered strongly irritant in its action by interposing resistance. 
Applied through loosely woven woolen fabrics it is a very 
ellicient rubefacient and counter-irritant, reddening the skin 
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and causing a sensation of warmth that lasts for some time 
after the seance is completed. In this way it rapidly relieves 
neuralgias and the various rheumatic muscular pains. 

Cold extremities, sluggish circulation, hepatic, abdominal, and 
pelvic pains are amenable and fretjuently yield to this form of 
treatment. The rubefacient effects may be moderated ])y slowing 
the machine, or by leaking off, through the foot on the platform, 
some of the positive charge. Tlie irritant effects are increased by 
increasing the motion of the plates, or, better still, by interrupt- 
ing the current between the prime conductor and the patient. 

32. Points to be Noted. — The principal points to be 
remembered in administering the negative breeze are: 

1. It is cooling, sedative, and agreeable when applied to the 
bare skin or through cotton and linen materials. 

2. It is counter-irritant and rubefacient when applied 
through fabrics (like wool) offering high resistance. 

3. Vulcanite hairpins should be substituted for metal ones 
when a head-l)reeze is given, and, as far as it is convenient to 
the patient, all metallic objects should be removed from the 
person when they interfere locally with the comfort of the breeze. 

4. In giving either the positive or the negative breeze, the 
electrode must be made to adjust the dosage by regulating the 
distance from the patient according to the effect desired. 

5. On account of the prickly burning sensation produced 
by the negative breeze, when applied through resistances, the 
electrode should be manipulated over the j)art treated in such 
a way as to ))roduce the exact effect desired. 

6. it must be remembered that the negative l)reeze is 
administered with the higher-])otential insulation, and that it 
can be readily moderated by slowing the machine or by leaking 
off some of tiie charge by ])lacing the foot on the platform. 

Both forms of breeze, the positive and the negative, are 
capable of rendering valuable service in daily practice, i)articu- 
larly in cases of minor ailments; but the negative breeze, 
when used without suf!i(?ient care or suilicient knowledge, may 
prove very disagreeable to the patient. Plate X illustrates 
technique of ai)plying stationary negative breeze to hejid. 
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THE STATIC SPRAY, I»08ITIVB AND NEGATIVE, 

33. Character of the Static Spray. — The breeie and 
the spray are convective discharges. The spray is simply a 
more intense breeze, dischargeil with the electrode cl($8er to the 
patient. Tlie breeze discloses no visible change in the atmos- 
phere between the brass-pointed electrode and the surface of 
the patient's body; yet an electrified current of air is passing 
from one to the other. In any form of discharge, a circuit is 
constituted, static electricity becomes kinetic, and a current is 
flowing. The static spray, positive or negative, throws a con- 
vective shower of vmble electrified particles of air from the 
brass- pointed electrode to the surface of the body of the indi- 
vidual treated. A more or less intense bluish stream of elec- 
trified air is seen j>assing from one to the other when the room 
is darkened a little. Neither the breeze nor the spray has the 
power of contracting muscles, and no muscle-contracting effects 
can be exiKctcd from thcni. Tlie spray is stronger and more 
energetic in its action and therapeutic (jualities than the breeze. 
It intensifies all the; effects i>roduced by the breeze. It 
is more sedative and calming than the breeze, when sedative 
and calming cfTects are desire<]; or it may be rendered more 
counter-irritant and rubefacient when these latter eflects are the 
indications of treatment. It is used to relieve the same symp- 
toms and treat the same diseases as the breeze. It will well 
repay a great deal of i)ractice to i)erfect your skill. 

Plates XI and XII illustrate the teclinitjue of administer- 
ing breeze or spray. Plate XI shows stationary breeze or spray 
ai)plicd to for(?licad. When using the i)ositivc breeze it is well to 
remember that the j)()sitive electrode gives oiT si>arks with great 
facility and may easily frighten a nervous i>atient. 15y care- 
fully ol)serving the j)oint or i)oints of the electrode, this 
accident may be avoi(le<l. Plate XII illustrates movable breeze 
or spray to forehead. 

Plate XI II illustrates the technique of the movable negative 
spray ai)plied to the thorax. A piece of woolen material is 
placed on the chest to obtain rubefacient and counter-irritant 
effects. This is a very valuable application in cases of 
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chronic bronchitis and asthma. The energy of the spray 
may be much increased by interrupting the current in the 
following manner: 

The patient takes the conducting-rod in his hand, and rest.s 
one extremity of it on the frame of the case so that it will ho 
about 1 inch from the prime conductor in use. This will inter- 
rupt the current between the patient and tlie prime conductor, 
and will intensify the effects of either breeze or spray. The 
counter-irritant eflects of the spray are much increased i)y 
interrupting the current in the manner deseribed, and by bring- 
ing the electrode so close to the body that fine, needle-like 
sparks mingle with the spray. 

Plate XIV illustrates movable negative s{)ray to oceiput. 
When the skull is thickly covered with hair, the negative i)reeze 
is irritating, and should i)e kept moving to Ih^ i)earabl(\ When 
the hair is thin or absent, the effect is bland and sedative. 

When for any reason a counter-irritant, rubefacient, nutritive 
effect in the ankle, knee, or any joint is recjuired, the technifjue 
shown in Plate XV is a rapid and eiTective method of treat- 
ment. Witb the proper resistance interposed, the counter- 
irritant nutritive effects can be regulated witb precision. The 
joint is covered witli woolen material, the foot rests on a 
hassock. The large breeze-electrode is slowly manipulated all 
around the joint until the desired effect is i)roduced. 

34. Physiological KfTects. — The electrostatic breeze 
and spray modify the radiating capacity of the skin, reduce 
its temperature, and produce important vasomotor {>henoniena. 
The small vessels of the skin are contracted under their inliu- 
ence. They have the {)roperty of increasing tiie reparatives 
processes in cutaneous lesions and of calming sensory phe- 
nomena, pruritus, and pain. 

Bordier has demonstrated that under the intluence of the 
breeze or spray imi>ortant vasomotor i)benomena take i)lace, and 
that these differ according to the i)olarity employed. The nega- 
tive breeze or spray lowers the cutaneous temperature more 
than the positive breeze or spray. This reduction of tempera- 
ture continues after the tennination of the seance, and then the 
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temperature returns very slowly to normal. What is particularly 
interesting here is that the reduction of temperature is equal to 
the amount of heat radiated from the skin, as measured by the 
thermometer. This local reduction of temperature explains the 
sensation of cold that one experiences under the influence of 
the breeze or spray. The surface of the skin submitted to this 
influence of breeze or spray preserves the odor of ozone for 
several hours. 



THE STATIC SPARK, POSITIVE AND NEGATIVE. 

35. The Percussive Spark. — A spark is given by 
throwing a ball electrode, with a quick movement, to a point 
so near the body that a disruptive discharge or spark takes 
place. Static sparks are of two kinds — percussive and frictional. 
A percussive spark is a single discharge. It is a thick, 
strong, clear-cut spark, varying from 1 inch to inches in length. 
A long, thin spark is more burning and penetrating. To give 
the precussive sj)ark, a large brass- ball electrofle is used. (See 
Plate XVI. ) The brass-pointed electrode may be used to admin- 
ister the breeze, spray, or spark. At a certain distance it throws 
off a breeze; when placed a little nearer, the breeze will be 
changed into a spray; and held still nearer, spray and sparks 
will mingle together. By throwing with a (juick movement 
the brass-pointed electrode to a certain distance from the body, 
long thin sparks can be given off by an expert, but the ball is 
usually em])loyed for sparks. 

36. The Frictional Spark. — The frictional spark is 

given by rubbing any met^illic electrode over the surface of the 
body. When this is done, a series of electrical discharges takes 
place. These discharges consist of a number of fine minute 
sparks, varying in length from i to \ iuvh, according to the 
thickness of the clothing. The frictional spark may also be 
given by covering the brass- ball ('lectrode with llannt?!, and then 
rubbing it over the surface of the bare skin. The si>arks 
in this case will have a length corresponding to the thickness of 
the flannel. The positive spark is always milder and less ener- 
getic than the negative, because given with negative insulation. 
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The dosage for sparks may be regulated like that for the 
breeze or spray. The current may be interrupted or continuous. 
The machine may be made to go fast or slow as desired, and 
part of the charge may be leaked off by placing the foot on the 
platform when it is desired to give a very mild spark. 

When using frictional sparks for any purpose, their appli- 
cation may be made much more agreeable by placing the 
electrode on the part to be treated before the machine is started 
into action. By using this method, frictional sparks may be 
so regulated that their effects vary from an agi'ceable feeling of 
heat to the most intense sensory effects desired. 

Plate XVII shows the ball electrode placed on the spinal 
region before the plates are set in motion. After each frictional 
application the machine should be stopped, and the grounded 
electrode placed for a moment on the platform before renewing 
the treatment. The ball electrode should be moved rapidly up 
and dowfi the spinal colunm for about i minute. The time of 
the application is regulated hy closely observing the patient. 

37. Precautions to be Taken. — The beginner in static 
methods will, if not very careful, administer sparks when it is 
not his desire to do so. Carelessly api)roaching too near the 
platform, or want of skill in using the electrodes, will often result 
in a spark. To give the breeze or spray, premeditation and skill 
are always required, for without either of these a luckless spark 
may often occur. Tlie tendency of well-nigh all beginners in 
static technique is to indulge too freely in the use of st.atic 
sparks. It is not an unusual thing to see a patient dance 
about on the insulated platform under the repeated stimuli of 
long percussive sparks, when a mild, bland, and agreeable 
application would perform all the therapeutic work. A spark 
should never be given except in response to a clearly i)ased 
indication. When spark-treatment is necessary, a mild spark 
may fulfil all the indications. Xcrer (five a lony strong impark 
ivhen a short viild one will do the work. A i)atient should always 
be prepared for a spark-administration i)y a fairly clear knowl- 
edge of what he is to expect. It is a point of practical 
importance to reserve spark-treatment until you have gained 
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the confidence of your patient. Before giving the spark, 
explain to him tho sensation he is about to experience. For 
the first treatment it is advisable to insulate the patient nega- 
tively and deliver the spark on some part well cushioned with 
soft tissues. This will break its force. There are certain parts 
of the body on which sparks are not given. Generally the 
face and head are avoided, but for special indications, mild 
sparks are even given on these part^, and with very good results. 
The breasts, ixAh in the male and the female, and particularly 
the nipples, are very sensitive, and should, in general, be avoided 
when sparks are being given. The back of the hand, the 
dorsum of the foot, finger-nails, toe-nails, and bony promi- 
nences all over the body should as a rule be avoided. When, 
however, these various parts are the seat of disease and call 
for special treatment, the spark may be administered with 
decided benefit. 

38. Function of the Spark. — The spark is the most 
active and far-reaching in its therapeutic results of all the static 
methods. A few well-directed, thick, percussive siwirks deliv- 
ered on the soles of the feet of an ataxic patient may bring back 
sensation that has been lost for months. Each successive 
treatment lengthens the time during which the returned sensa- 
tion remains. It stimulates nutritiim and the functions of the 
central nervt^cells. ('hn)nic indurations and exudations are 
partly rt^olvrd and aiisorbcil i»y it, but it is not tMjual to gal- 
vanism here. It is the rtMiiedy, par excellence, for rheumatism, 
hysteria, and gout. Sriatiai- acutr, subacute, or chronic — 
vit'lds uuM'v readily to static tnatnu lit than any other known 
remedy. Wt'ak and >hi^^i>b inusrU's an* «;ivi'n renewe^.1 vigor; 
muscU's and t^nilnns |on;» coutrartrd aro lo«>srn«'d and relaxed. 
It regulatrs tlu* fiinrtions of nrrvrs aiul niusclts aiul al>o of the 
visceral organs. 

tJO. Mii*^cnliir KlVt^ft of tlu» Spark. — The spark pnv 
duces very strong and w i»lt ^prrad niuseiilar *'oMn\ulion. This 
increases im^leinlar el».iniM« ;mil a'u\> miirilion, loea! and Lreneral. 
Sparks rapidly follow ins*, one anodur on ihe *»a:ut' sp »i eause 
unnecessiiry pain, anil it im iherefore l»eller {o a«lnunistrr them 
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with an interval of time and a change of base. A shower of 
sparks is painful and annoying, and should not be practiced. 

Muscles may also he healthfully exercised without the annoy- 
ance of sparks applied to the skin. To do this, place an 
electrode over the motor points of the muscles to be exercised, 
and by means of a chain connect the electrode to the prime 
conductor. Now, by applying sparks to the prime conductor, 
the muscles are very vigorously contracted. Either hand may 
be placed in a jar of water containing an electrode connected 
with the prime conductor. By applying slow sparks to the 
prime conductor the whole arm is vigorously exercised. 

40. Frictlonal Sparks. — Static technique may be modi- 
fied in this manner so that any group or groups of muscles may 
be slowly or rapidly contracted, producing the physiological 
action of the slowly interrupted faradic current or all the vaso- 
constrictor effects of the rapidy interrupted fine-coil current. 
The frictional sparks are used for their counter-irritative and 
rubefacient effects. They are used in trcatiug anesthesia and 
other altered conditions of sensation. In general they may be 
used whenever a counter-irritant is indicated. Their infiuence 
extends far beyond the reddened skin. They are used to 
combat hepatic, abdominal, and ovarian pain. Ri'flex pain of 
all kinds is often readily subdued by vigorous friction with the 
large brass- ball electrode over tin? reiiiions t) which the pains 
are referred. 

The importance of si)arks, frictional and j)ert'ussive, to the 
perineum is based on the clinical results ()l»tained and on tlie 
physiology of the nerves of the perineum. Plate? XVIII shows 
the method of ai)plying percussive sparks to the j>erineuni, and 
Plate XIX the method of applying frictional sparks to the 
perineum. Both these methods recpiire practice in the use of 
static electrodes, and might easily prove disastrous in the 
hands of a novice. 

To the beginner in statics methods, the electrode of Doctor 
Morton is especially reconnnended. Even with this electrcwle 
it is safer to have the plaU'S in slow motion and leak off some of 
the current through the foot on the ])latforni. With the ball 
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electrode, it requires considerable practice to apply either 
frictional or ]:>ercus6ive &parlLs to the perineum. 

.Sparks, frictional and i^ercu^ive. constitute the besi^t thera- 
peutic application of s>tatic currents, in the hands of a skilful 
operator. They will, however, in many cases prove unsatis- 
factory unless employed with due rt^ard to their e£fects and 
therapeutic indications. When sciatica, lumbago, or pain in 
the shoulder- joint does not yield to ordinary treatment, frictional 
or percussive sparks should be applied when the muscles are 
placed in that position which causes most ]»ain. Plates XX, 
XXI, and XXII are given to illustrate postural treatment in the 
relief of pain. Pain will often yield to sparks applied in 
this position when it would not if the patient were quietly 
sitting on the platfonn-chair. 

41. Pbyslolo^loal KfTects. — The action of sparks is 
multiple. They intluomv sonsibility and detennine motor and 
vasomotor phenoniona. A spark pnnluces a burning sensation 
accompanied by shock. With vtry small sparks there is simply 
a burning sensation. Tlu' longer the sparks and the higher 
their potential, ilu' more enrrgelic is the shwk or muscular 
contraction. 

Eulenburg has stuilicd the local actions of sparks with regard 
to cutiineous sensibility. Ho has concluded that long sparks 
produce a 7A)nc of hyperesthesia with a pallor of the skin to 
which the spark is applied. Sonjctinies sparks reduce the 
sensibility and produce re<lnfss of the .skin. Short sparks 
rapidly succeeding each other diminish sensibility. 

It is very important to understand the vasomotor phenomena 
produced by sparks, because they enable us to understand the 
mechanism of their theraiH'Utic; action, which <'ertain physicians 
are still disposed to attribute to suggestion. There is always an 
elevation of temperature of the cutaneous surface to which 
sparks an* ajiplied. Positive sj)arks alTect the vasomotor nerves 
more energetic^ally tlian negative sparks. The surface of the 
skin to which sparks are aj)plie(l tirst become pale, but this 
pallor is soon replaced by redness. If sparks are ajiplied for 
several minutes to the samci ]>oint, in the course of several hours 
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a blister will appear, which leaves, after its disappearance, an 
area of brown discoloration. In certain pathological states, 
notably in exopthalmic goiter, vasomotor cfiFects are so accentu- 
ated that the name of dermographism has been given to the 
signs that can be traced by means of sparks applied to tlie skin. 

If sparks are applied to a muscle or to the motor points and 
if the sparks are sufficiently separated from each otlier, 
individual muscular contractions are produced; if the sparks 
rapidly succeed each other, tetanic contractions are produced. 
This method of muscular excitation is increasing in professional 
favor both in electrodiagnosis and in electrotherapy of certain 
diseases. The muscular contraction produced by a static spark 
depends (a) on the polarity of the spark, (6) on its length, 
(c) on its diameter, ami (d) on the density of electric excitation. 

The contraction caused by the negative spark is stronger than 
that caused by the positive. SUitic sparks in their polar action 
resemble closely the polar action of galvanic currents. The 
energy of a muscular contraction produced by a static spark 
does not increase simply with the length of the spark, but is 
proportional to the square of the spark length. 

The energy of a muscle contraction is also proportional to the 
diameter of the electrode employed. 

M. Aubert has investigated the influence of sj)arks on 
cutaneous absorption. A compress, saturated with a solution 
of pilocarpin, was placed on the anterior aspect of hi.s arm. At 
different times negative and pojsitive sj)arks were applied to the 
compress with the result that positive sparks forced the alkaloid 
into the tissues while negative sparks had no ap})recial)le effect 
on absorption. 

It should be remembered that while certain parts of th(^ body 
are submitted to the physiological effects of the breeze, spray, or 
spark, the entire organism is under the physiological intiuenee 
of general electrification, either positive or negative. 
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STATIC CAGE. 

42. Principles of Operation. — 'This is a form of static 
treatment introduced within recent years. It involves and 
extends the principle of the static breeze. From a single brass- 
pointed electrode, a single current of electrified air is projected 
to the surface of the patient's body. Multiplying the number 
of points increases the number of currents, but diminishes cur- 
rc^nt-density. A breeze coming from twenty or more pointa is, 
of course, much more diffused than when concentrated on one 
single point, and is correspondingly more bland and sedative in 
its effects. The static cage (see Fig. 1, Plate II) would there- 
fore be simply a question of current-density applied in the 
adnjinistration of a sUitic breeze. Instead of presenting a 
single metallic point to the surface of the body, the static ciige 
simply'surrounds the entire body with metallic points, one in 
close juxtaposition to the otlier. 

43. Method of ITsinij^ Static Cai^e. — The static cage 
may be used in the ft)llowing two methods: (1) The patient 
is insulated negatively and treated with a continuous or oscil- 
lating breeze. (2) He may be insulated positively and treated 
with an oscillating breeze. 

The patient should remove his shoes and stand in the reser- 
voir foot-electrode if the current is interrupted. The foot-elec- 
trode is first filled with warm water, and is connected with the 
prime conductor. The cage is lowered over the patient so that 
he stands in its center. There is a distance of al)Out G inches 
between the wires that sufspcnd the cage and the patient^s head. 
The sliding- poles are short-circuited, and the machine set in 
motion. Gradually separate the poles until the patient experi- 
ences a conifortiible thrill. It is always belter for the beginner 
to first try negative electrification and the positive breeze, as 
the negative breeze might be too irritating or annoying to 
a nervous patient. 

To give a simple breeze the sliding-poles are widely separated 
at the beginning, instead of being short-circuited. 
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44. The cage is used for its general tonic and sedative 
effects. Neuroses and diseases characterized by slowness of 
nutrition afford the best field for its use. It produces the 
physiological effects on metabolism ascribed to high-fre(]uency 
high -potential currents. The chief fact to remember about 
treatment with the cage is that it is either simple negative or 
{wsitive electrification, witli a continued or interrui)ted breeze 
applied to the surface of the entire body. It is a diffuse, 
extended, breeze application, and much less energetic than the 
local breeze, and as a tonic is surpassed by potential alternation. 
Few use the cage at present. 

MASSAGE-UOI^L.ER APPf^ICATIOX. 

45. Mode of Oi>orjitioii. — The patient mny \)e insuhitinl 
negatively or positively, and the (ih^etrode and opposite' poh* are 
grounded, or the electrode may be connected direct to the active 
pole. The sliding-poles are brouglit totrcther and then gradu- 
ally separated imtil the recjuired ac^tion is prtKlui^ed. This is a 
very cfTicient method for causing muscle contraction and at the 
same time producing lively counter-irritation. Other methods 
are preferable in m()st eases. 

The muscle-contracting eiTccts, as well as the amount of 
counter-irrit;ition, art? regulated by tlic distance the sliding-poles 
are separated from each other, and tin* sjx'cd of tiic plates, 
manipulation of electrode, and duration of contact. 

The massago roller electrode may be used with Leyden jar 
currents. Its satisfactory enij>loyhieht reijuires skill. 

FRANKLIXIC IXTKIMM PFKI) (rUllKNTS. 

46. Prior to 1«SS(), the stnti<- m;i' liiue served as an ejedric 
source in the administration <»f general el«'ctrili<ation. j)ositive 
or negative, and for the local metlnxls kiioun as l)re« /e, spray, 
and spark. Tbc^re was no (juesticm of static currents. In l-'^SO, 
W. J. Morton, M. 1)., originated and described two distinct 
forms of stati(! currents, namely: 

1. T/tr. Jndirtrt Fr^inkllnir Intemijttttl (^nrrrnf. In tliis form 
of current the spark-gap is in one circuit i the primary ) and the 



32 TECHNIQUE AND PHYSIOLOGY §5 

patient in another circuit (the secondary). The current trav- 
ersing the patient is derived from the external armature of the 
Leyden jars. Leyden jars or condensers are absolutely indis- 
pensable in the generation of this current. The patient is not 
insulated. This current is still sometimes called sUUic induced 
current. 

2. The Direct Franklinic Interrupted Current. — Here the spark- 
gap and the patient are in the same circuit. These two currents, 
together with the electrodes used in their application, were orig- 
inated and described by Doctor Morton in 1880. 

The dominating character of spark-gap, or Morton, currents 
is that they produce energetic contraction of muscle- fiber. In 
general electrification or in the local methods of breeze or spray 
there is no reaction of motor nerves or muscles. The variation 
of potential in these methods is neither sufficiently abrupt nor 
powerful to produce reactions of motor nerves and muscles. In 
the spark-gap currents each oscillating discharge between the 
sliding-poles of the machine produces profound contraction in 
the group of muscles situated in neighborhood of the electrode. 

The general technique of indirect Franklinic interrupted, or 
static induced, currents may be divided into bipolar and mono- 
polar. In the bipolar method, the patient is included in a circuit 
that has its origin in the external armatures of Leyden jars. 
(Plate XXIII. ) In the monopolar method, one external arma- 
ture of the Leyden jar is grounded and the patient is in con- 
nection with the external armature of the other Leyden jar. 
(Plate XXIV.) 

47. Bipolar Method. — Indirect Franklinic Inter- 
rupted currents are used in the same manner and with the 
same electrodes as the faradic current. Three sets of Leyden 
jare come with the static miichino, viz. , large, small, and medium. 
The question, which one to use, is a matter of dosage. Natur- 
ally the larger jars have the greatest capacity, and will give the 
strongest current. With a 10-plate 30-inch machine run by a 
^horsepower motor, and a fine-coil apparatus, and both in good 
condition, the physician mny find hut little use for his indirect 
Franklinic interrupted (jurrents in therapeutic applications. 
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Plate XXIII represents the technique of applying the indirect 
Franklinic interrupted currents to the larynx. The smallest- 
sized Ley den jars are connected with the prime conductors, and 
an electrode is placed on either Side of the larynx. The elec- 
trodes are first placed in position; the machine is then set in 
motion, with the discharge-rods in contact. The discharge- rods 
are now carefully and slowly separated until the effect required 
is produced. The electrodes should he thoroughly saturated 
with a solution of hicarbonate of soda and water. The passage 
of each spark !)etween the discharge- rods is accompanied by a 
painless contraction of the muscles in the region covered by 
the electrodes. The current is alternating. This method of 
treatment is found very useful in chronic congestion and chronic 
inflammatory conditions of the larynx. 

Plate XXV represents the technique of indirect Franklinic 
interrupted currents applied to the muscles of the forearm. The 
small Leyden jars are again used; the palmar surface of the 
patient's hand makes contact with the s|)onge placed on the mov- 
able stand. This sponge is connected with one Leyden jar; the 
other Leyden jar is in connection with the electrode held in 
the hand. of the operator. This is a very convenient method of 
exercising the muscles of the forearm or arm. The interruptions 
may be made slow or rapid, the current weak or strong, as the 
physician deems necessary. 

Plate XXVI shows the application of indirect Franklinic inter- 
rupted currents to the lower extremities by means of the foot- 
bath electrode. Ordinary rheophorcs are used, attached to pieces 
of block tin or annealed copper, shaped as shown in the foot-bath. 
This method of a])i)lying Leyden jar currents is very useful in 
producing muscular contraction and in stimulating the nutrition 
of the lower extrt*mities. 

Plate XXV'ir illustrates another application of Leyden jar cur- 
rents much used in daily practice. One electrode is applied to 
the epigastrium, and the other to a point opposite on the spinal 
column. The dosage is regulated as in all other Leyden jar 
applications. 

Plate XXVIII shows connections for Leyden jar currents 
with foot-bath electrode. 
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48. Comparison of Indirect Fninlclinic Interrupted 
and Coil-IJattery Currents. — For gross nerve and muscle 
effects, there is little difference between indirect Franklinic inter- 
rupted currents and currents administered from a scientifically 
constructed coil- battery. With slow interruptions in the indirect 
Franklinic interrupted current the muscles have time to con- 
tract and relax, and they undergo the physiological hypertrophy 
described by Debedat. With rapid interruptions and strong dis- 
charge the muscles are tetanized, and if the stance is long, 
exhaustion will result. The difference in the current coming 
from small, medium, or large Leyden jars is simply a question 
of current-strength. The electricity is the same. The larger 
the Leyden jar, the larger its condensing capacity. Indirect 
Franklinic interrupted currents are not suited for the treatment 
of inflammatory conditions, and particularly in inflammatory 
I>elvic troubles. The indirect Franklinic interrupted current is 
less steady and more uncertain in its make and break than the 
current coming from a well-constructed coil-battery. The phy- 
sician may easily demonstrate this to his own satisfaction by 
testing both currents with a telephone receiver. The current 
from the well-constructed coil-battery will be found smooth and 
even in its workings; the current from the Leyden jars will be 
found imsteady, jerky, irregular, and interspersed here and there 
with secondary discharges. It is for this reason that the coil- 
current is universally employed as a pain-relieving agent in 
acute inflammatory diseases and particularly in inflammatory 
affections of the pelvis. The indirect Franklinic interrupted 
currents are not suitable in tliese maladies. The indirect Frank- 
linic interrupted currents are regulated by the rapidity of the 
revolutions of the plates niul the distance the sliding-poles are 
separated from each other. Witli the speed of the plates regu- 
hited, and the distance between the sliding-poles properly 
adjusted, the largest-sized Leyden jars may be made to produce 
practically the same effects as the smallest-sized jars. It will be 
remembered that ])ra('ti(ally the same thing has been said about 
the physiological ]>roj>(M'ties of line and coarse eoils. Indeed, 
with the smallest Leyden jars and rapid revolution of the plates, 
the effects of a current from a long fine-wire coil are very closely 
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reproduced. The medium-sized jars with rapid revohitiona of 
the plates correspond to the current from the coarse- wire coil 
rapidly interrupted. The largest-sized jars correspond to the 
coarse-wire coil, and may be used for the same j>urpose. 

49, It will thus be seen that currents from Leyden jars of 
different sizes are parallel in their effects to the currents from a 
ecientifically constructed coil-battery. The main fact to be 
remembered is that indirect Franklinic interrupted currents are 
not suited to acute inllammatory conditions, and that they are 
completely superseded by coil-currents in the treatment of painful 
pelvic maladies. 

50, Another ])oint to consider is tliis: tlie Leyden jars are. 
charged by the static machine. Now, :ii)out all that can be 
accomplished by the indirect Franklinic interrupted currents can 
he accomplished in a much more pleasing and a«rreeable manner 
by the static machine without cond<-nsers. If -one possesses the 
static machine, one rarely needs the Leyden jars for tliera|)eutic 
purposes. In X-ray work, however, the comh-nsers often become 
a necessity. The whole ran;:<' of faradic tberap<'Uti(?s may be 
covered by indirect Franklinic interrupted currents, rlicophores 
and electrodes bein^' ibe sanje. No rheostat, or current-con- 
troller, is absolutely rrcpiin'd. as thr speed of tin- machine and 
the distance sei)aratin<£ th«' poles are the dirrct and indi.-pensable 
means of regulating the current-slren;jth. To us<- a ilien>iat, 
therefore, makes an additional adjustment neee<>;ny. and adds 
no actual vahh' to the tn-alnicnt: l>ut one ran Im- riii).l(»yed if 
the operator so de.'^ires Tlieont- u^ed i< dimply an enlaiL'ement 
of the galvanic water-rln-ostat lonL^ fainiliar to ]»hy^iri;ui> 

51, Monopolar ^lothocL — Tl;< i« ar*- l\\n eunent> t»» l>e 
considered in this teehniuue. When the p;iti« nt i.- in <<.h.n;Uhi- 
cation with the external armature «)t the Leyden jai- (•..niM-eteil 
with tlie }>ositive poK* <»f tlie static ma(ddn«'. the <anrenl njay be 
called negative; and when he is in eomnjunieation with the 
external armature <'f the Levd<'n jar connected with the nei^ative 
pole, the <*urrent may he called positive. These an- high-p«»ten- 
tial high-fre<jUency currents analogou.^ to, but noi indentical 
with, the Ttrsla-d' Arson val currents. 
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In the monopolar method of applying indirect Franklinic 
Interrupted currents the armature not in use is always grounded. 
When the electrode of either of these currents is approached to 
a patient non-insulated, a beautiful spray is produced; but the 
spray from the positive current is much more effective and 
imi)ortant than the spray from the negative current. The 
general application of these currents to the organism produces 
the same order of phenomena as those produced by the Tesla- 
d*Arsonval currents (see Art. 83). 

The spray and spark administered by the same technique pro- 
duce the same phenomena as the spray and spark from the 
Tesla-d' Arson val currents. The sparks from the negative cur- 
rent are, however, much more painful than those from the posi- 
tive current. If the armature of one Leyden jar is connected 
with an olive-tipped electrode and this electrode is placed on a 
muscle or nerve, very active and extensive muscular contractions 
are produced. 

POTKNTIAIi ALTERNATION. 

52. Essential Features. — By potential-alternation 
treatment the patient is submitted to the energetic influence 
of an interrupted oscillating current. Plate VI illustrates the 
technique of potential alternation. The platform is prepared 
the same as for simple positive electrification, and the negative 
pole d is grounded. The essential feature of the method lies in 
the interruption of the current between the prime conductor e' 
and the patient. The head-electrode a is kept at a distance of 
about 2 feet and is grounded with the negative pole cZ. In order to 
prevent the passage of sparks through the nails in the patient's 
shoes, place a sufficient number of thick newspapers between 
the brass-plate electrode and the soles of the shoes. 

53, Interrupting tlie Current. — To interrupt the cur- 
rent, fix the large brass- ball electrode in the movable stand /, 
and place the ball h of the electrode in contact with the small 
ball g of the connecting-rod b attached to the sliding-pole d\ 
The movable brass- ball electrode is now grounded. Different 
groundings in this form of treatment are advantageous. If the 
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negative pole is grounded to the water-pipe, ground the elec- 
trode to the chandelier or gas- bracket. Set the machine in 
motion, and gradually separate the balls of the electrode and 
the conducting- rod until the patient experiences a conifortable 
thrill. This will usually occur at a sparking-gap of 4 or 5 
inches, but the author of the method often demonstrates a 
10-inch spark. The hair is caused to vibrate vigorously. Both 
feet should be kept in contact with the metal foot-plate during 
the entire stance, the usual length of which is 15 minutes. The 
author of this form of treatment demonstrates by it powerful 
tonic sedative eflfects, and strongly recommends its use in cases 
of exhaustion, mental or physical, no matter how produced. 
The effect of the interruption is to energize current action and 
subject the patient to the influences of an oscillating current. 

Potential alternation, applied as described, is interrupted 
general electrification. By approaching a grounded electrode 
to the prime conductor in use, the potential of the patient is 
reduced to zero. He is again immediately charged by the out- 
put from the machine. His potential is therefore made to alter- 
nate between zero and the potential of the (current em{)loyed. 

Plates XXIX and XXX illustrate potential alternation 
locally applied. In Plate XXIX, a chain connected to the 
discharge- rod is wound around the muscles of the arm. A 
grounded electrode interrupts the current on the prime con- 
ductor in use. Each spark thus caused produces vigorous, 
extended, painless contraction of the muscles of the arm. 
According to S. 11. Monell, M. D., there is no method superior 
to this for exercising the muscles of the arm. The niuscles act 
vigorously beneath the skin, and the skin itself takes on a 
tanned color, as if exposed to sunlight. The sparks are applied 
to the })rime conductor, and not to the patient, as in tiie usual 
spark- treatment. 

Plate XXX illustrates a technique sonjewhat different, yet it 
is potential alternation locally applied. The glass jar is filled 
three-quarters with water, and becomes the active electrode. 
On applying sparks to the prime conductor, the muscles of the 
hand, forearm, or arm will be painlessly exercised, depend- 
ing on the depth to which the hand is placed in the water. 



38 TECHNIQUE AND PHYSIOLOGY §5 

Potential alternation, whether applied as interrupted general 
electrification, or locally by means of the chain- or bath-elec- 
trodes, as illustrated in Plates XXIX and XXX, constitutes 
a very important form of static treatment, and one that renders 
valuable service when tonic sedative effects are required. 



THE WAVE-CURKEXT. 

54. This current **wa8 first so termed because its circuit, to 
be completed, produced Hertzian waves emanating from the 
patient's person.'* The wave-current was first published in 
the Bulletin Ofliciel de la Society Franyaise d' Electro th^rapie, 
of January, 1899, and later in the Electrical Engineer of 
March 4. Plate XXXI illustrates the technique of applying the 
wave-current to the ankle-joint with a metallic braid as an elec 
trode, while Plate XXXII illustrates the same current applied 
to the spinal colunin by means of a sheet-lead electr(xle20 inches 
long and 1^ inches wide, and Plate XXXIII illustrates the wave- 
current applied to the soles of the feet by means of the brass 
pldte electrode. The electrodes are attached to the positive i>ole, 
and the negative pole is grounded. Before the machine is set 
in motion the discharge-rods are placed in contact. The plates 
are then started revolving and the sliding-poles gradually 
separated, until the desired effect is produced. The sliding- 
poles should be sej)arated very slowly. 

A 1-inch spark-gjip may at tirst annoy the patient, but the 
sedative effect of this spark-gap acting within tlie tissues will, 
in a few minutes, permit an increase in its length until, finally, 
a current-strength represented by a spark-gap of 8 or 10 inches 
may be attained. The position of the patient on the i)latfi»nn, 
whether sitting, standing, or reclining, will depend on his 
physical condition and the details inv«)lved in the application 
of the electrodes. 

Ordinary rheophores used in galvanic and faradic applications 
are used to connect the electrode with the active pole of the 
machine. One end oi the rheo})liore should U* provided with a 
metallic hook for attachment to the active {hiK- of the machine, 
while to the other end of the rheophore is attached a llerdman 
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universal connector for attachment to the block tin, sheet lead, 
or metal braid of which the electrode is constructed. 

The electrode must be placed in close contact with the sur- 
face treated in order to avoid disagreeable sensations. To secure 
accurate contact with the contours of the joints, tinsel braid 
will be found the most serviceable. Block tin, gages 22 and 38, 
and sheet lead are usually employed for electrodes applied to 
other surfaces of the body. These latter should bo held in 
position by the patient's hand or by bandages. When the large 
electrode is applied to the spinal column, a high- backed chair 
with pillows appropriately disposed will secun* good contact. 

The size of the electrode in wavc^current applications is 
determined by the same considerations as in ail other electrical 
applications, namely, current-density and the pathological con- 
dition under treatment. When applied to the muscles of the 
thigh, leg, or trunk of an adult, an electrode should not exceed 
24 square inches in size for a spark-gap of 4 or 5 inches. 

With a feeble current output to secure the same current- 
density, the size of the electrode must be considerably dimin- 
ished. If the physician will administer to his own person- a 
few applications of the wave-current with electrodes of different 
sizes and with different current-dt^nsities, his knowledge of the 
subject-matter in (juestion will he materially increasiMl in prac- 
tical value. Special electrodes for treating mucous surfaces and 
the open cavities of the body can Ix' ohtaiiuMl from manufac- 
turers. The possible maximum -;])ark-lenglh at the time of 
administration will depend on (1 ) the capacity of the machine, 
which will deiXMul on its condition and the diameter of the 
revolving plates, (2) th(^ condition of tlie atmosj>here, (.'>) the 
speed of , the machine, (4) the iharaclcr of the insulati<>n, 
(5) the proximity of surrounding objects, (<>) tlic physical 
characteristics and ch'thing of the patient. 

55. Physiological KfTecls. — The })hysiological effects of 
wave-current administration mav be considered under two 
headings, namely, constitutional eiTec^ts and local effects. As 
the patient is always insulated in these ap{>lications, bis 
organism is submitted to the physiologic^al inlluencc of gc^neral 
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electrificatiini with which the «tu«lent i« already familiar. The 
inltrrii|itioii increaist-? the energy of the current and corre- 
si>on«lin^'iy the |»hy<in]Mgioal action? of simple continuous elec- 
trifioaiion. We shall therefore describe here only those actions 
that take place N-neath an«l annnid the electrode applied to the 
patient's lH>.ly. These actions may be stated in three wortls, 
namely, anticongestive, analgesic, and nutritive. 

In the tissues immeiliatelv l^eneath the electrode, marked 
vibratory effects are pro^luceil. The hairs on the head and 
surface of the patient's Uxly resp«.^nd to the rapid oscillations 
of the current. The electrotle is always moist when removed, 
demonstrating action on the vasomotor nen'es producing 
increaseil activity of the sudoriparous glands. 

Muscular contraction is most markeil when the electrode is 
placet! i>ver a mott^r point, as is the case in the application of 
anv other eh'ctric mtxlalitv. 

The following clinical effects have l»een pointed out by 
William Benham Snow, M. D. \^l'^ Ixtcal congestion is 
relieved, often with marked diminution of swelling and pain; 
(2) relief of liKal |>ain or tenderness from many causes, is 
marked: i^S) relaxation of acute muscular spasm not of central 
oriirin; (^4) increased local metalKilism and repair, if reparative 
conditions are sluggish. 

The chief physiological and clinical effects of wave-currents 
locally applieil are relief of hyperemia, congestion, and pain, 
and an incroastHl activity in metabolic pn>cesses. 

The therapeutic indications of the wave-current are based on 
its olinioal effects and physiological actions, and these cover a 
wide range of application in every department of medicine and 
surgery. 

PHYSIOLOGY, 
of}. Static Klootrlclty a He^ulator of Functions. 

The <l(>s(Tiption of plaiftum methods involved a brief descrip- 
tion of tln' physioK^iriral action i\\u\ therapeutic application of 
static electricity. Static ekvtricity employed in the form of 
hrre/e, spray, or spark, or administered with rheophores and 
eU'ctrodis, with or without Leyden jars, is preeminently a 
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r^ulator of functions. By chemical analysis it has been 
demonstrated that it increases metabolism and creates a 
demand for oxygen within the tissues. This increased metab- 
olism, this created demand for an increased amount of oxygen, 
is brought about by improving the process of oxidation. In 
conditions in which the temperature is subnormal, static treat- 
ment regulates the heat-producing functions and restores 
temperature to its normal degree. Irregularities in respiration 
are rapidly corrected and the normal rhythm restored. Excep- 
tions to this are found in icterus and other hepatic diseases 
associated with melancholia and subnormal temperatures. 

57. Action of Static Electricity. — If the pulse for any 
reason is too slow, static treatment will increase it to the 
normal; if it is too rapid, it will tend to restore it to its normal 
rate. An individual with all his organs healthy and their 
functions normal in themselves and working in harmony will 
be but slightly affected by a sim])le static charge. The action 
of static electricity depends, in a great measure, on its thera- 
peutic indications. One Avould not give stomach- tonics to an 
individual whose digestive apparatus was functionally normal, 
nor morphin to a man of perfect health without emotion and 
without pain. ' Certainly, if the stomach-tonics or morphin 
are given in these conditions, they will not produce the 
gratifying response that attends them when exhil)il(*(l accord- 
ing to their well-kn(nvn indications. The same is true in the 
case of static electricitv. Pain nnist exist before it can be 
removed. Irregularities in cardiac action, either interniittenl, 
too rapid, or too slow; too weak or too stronjr; irrcgnlariti<'s in 
respiratory rhythm, nervous or cc^ngcstive; too little or too 
much secretion or excretion; too high or too low temperature: 
these are all (conditions that must exist l>efore thev (*an he con- 

*■' 

trolled. On the typically healthy individual, static electrilica- 
tion has little or no effect. For the individual with this or 
that functional derangement, one or more, static electricity 
must be conceded to be one of the most powerful therapeutic 
agents at the physician's diposal. It cannot rej)lace destroyed 
tissues, but it can often relieve the pain that they produce. 
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The pain of incurable spinal diseases is often kept completely 
ander control by regular static treatment; the course of the 
disease is modified and the condition of the patient is rendered 
comfortal)le. In cases of paralysis of a curable nature it is the 
best remedy both in sj'mptomatic treatment and in respect to 
permanent cure when the galvanic current is not required. . 

58. Calming Influence of Static Electricity. — One 

of the most valuable and most frequently utilized qualities of 
static electricity is its power to calm an irritated nervous 
system and induce a return to normal sleep. Coincident with 
this comes increased appetite, restored digestion, and renewed 
strength and vigor. The well-known dangers of drug remedies 
such as morphin, chloral, bromid of potash, paraldehyde, sul- 
fonal, trional, in the treatment of the various forms of insomnia, 
ought to give an agent like static electricity, at once effective 
and without danger, a popularity much more extended than it 
now enjoys. Reflex pains are l>ut too often the cause of 
nervous irritability and consequent insomnia. Static electricity 
administered in the form of friction-sparks is among the most 
effective agents known to therapeutics to relieve and cure these 
pains. Painful sensations probably travel along the paths of 
least resistance, and in their way out create the most direct 
route for the inward transmission of counter-electrical impres- 
sions that serve to annul the i)ains. 

50, Ileport on Standard Klectrostatlc or Influence 
Machines. — A summary of modern oi)inion on the action of 
st4itic currents may be ol)tain('(l from the following abstract 
taken from the report of the connniltee on "Standard Electro- 
static or Influence Machines," prescnte<l to the convention of 
the American Elcctrotbern])eutic Association, and published in 
the * 'Times and Register," Decern) »cr 29, 1S94: 

The j>hysiological ell'ects of static electricity ani pretty 
much all that an? ])roduced bv electricitv. It set.s free the 
potential energy of the cells of the hunuin organism. That is, 
it excites the cell in such a wav that its inherent enerjrv is 
liberated. Its wide range of efT(x;ts vary with and de{>end 
somewhat on the manner in which it is applied. It causes 
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contraction of protoplasm, both animal and vegetable. It excites 
nerve-fibers, nerve-cells, and nerve-centers. All of these are 
excited to functional action and caused to produce their st'purate 
effects — motor, sensory, special sense, secretory, sympathetic, 
vasomotor, etc. It has a mechanical action. It disturbs the 
molecular arrangement of tissues, and causes a new structural 
arrangement resulting in modifications of nutrition. Its general 
effects are of great range and of astonishing importance. They 
may be briefly stated as follows: 

It promotes nutrition of every part it excites; produces 
marked local and general circulatory effects, and stimulates the 
vasomotor nervous system. It i)romotes metabolism and tissue 
metamorphosis; creates a feeling of refreshment to the system; 
causes the reabsorption of exudative material of a chronic 
nature, and has a ri'vulsive action on the skin. It is both a 
cutaneous sedative and a countur-irrilant, and makes a j)owerful 
peripheral impression of great value in neurasthenia. The 
subject of reflex pains is of constant interest to a {)liysician. 
Pains are often referred by patients to {mints distant from tlieir 
origin. Possibly a jKiin travels along the i)atli of least possible 
resistance, and in its outward path prepares the way for the 
return of a curative inllueuce along tlie same |)ath. No matter 
how far from the local iiritalion a rellrcted pain may manifest 
itself, spark the sore phe-e and its inipn-ssion will track the 
pain to its seat and drive it out. 

We cannot alwavs eurr altered structure, hut we can correct 
functional pains, and often relieve oiLianic ])ain> i>y setting up 
powerful ingoing impressions and <li>placinL'^ the pains. 

CO, The li>t of diseases in wiiich >tatic electricity can be 
beneficial! V emnloved is a verv lon-j one. In cases of nialnutri- 
tion it is an excellent t»Miic. Its great lields are functional 
and nervous <iiseas. <. 

Neurasthenia, hysteria, nein*algia, nervous hea<laches, etc. are 
rapidly controlled by it. In <liseasesof the spinal conl it affords 
relief fronj various forn>s of j)ain, even when lesions are 
advance<l beyond cure. It is invaluable in rheinnatism, chronic 
synovitis, and chorea. It is one of the best general tonics we 
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possess, and as such is very easy and agreeable of application, 
and can be used in a great variety of cases. In the treatment 
of paralysis of curable forms, it is one of the most successful 
agents we have. During a static stance, to obtain these striking 
results, the patient must be placed in as favorable a condition 
as possible. Constrained attitudes, cold drafts of air, annoying 
or disturbing conditions of any kind, must be avoided. 

It was long taught, and is a very prevalent mistake today, 
that static electricity is a mere ** surface'* charge, and that its 
therapeutic effects must necessarily be limited to surface action. 
Let us see what the truth is. 

61. Cliief riiysical Troperty of Static Klectridty. 

The chief physical quality of static electricity is its enormous 
voltage. The (juality that any electric current possesses of 
penetrating bodies or overcoming resiyt^ince is due to its 
voltage. It would therefore seem strange that the faradic and 
galvanic currents, with their com])aratively low voltage, penetrate 
tissue, and that static electricity, with its enormous voltage, was 
limited to the exterior. The human body is a conductor of 
electricity; the air is an insulator. Static electricity, in the 
physical condition of a charge, has sufficient penetrating power 
to overcome the resistance of 4 or more inches of intervening 
air, through which it forces its way in the form of a spray or 
spark. Nothing of this kind can be accomplished l)y the 
medical battery, galvanic or faradic. Another striking evidence 
of the penetrating power of static electricity, due to its enormous 
voltage, is seen in the phenomenon of an illuminated Crookes 
tube. No medical faradic battery yet ccMistructed has sufficient 
voltage to overcome the resistance of the vacuum in a Crookes 
tube. Surface action would not contract muscles as does the 
static current, and in many ways the surface idea has long 
been exploded. 

02. Its Kinetic Xature. — In these different evidences 
of penetrating power, stiitic electricity is ffowing in a kinetic 
form. It is not a mere charge at rest. When using the 
interrupted current or Leyden jar current, there is no doubt 
that the electric current passes through the body from one 
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electrode to the other. When, however, the patient is insulated 
positively, and the negative prime conductor is grounded, the 
physical conditions are different, but the current obeys the 
same electric laws. No one can sit a single moment upon a 
static platform and have any question about the penetrating 
properties of static electricity when the facts are demonstrated 
to his tissues by the point or ball electrodes. Old writers did 
not test the matter this way, but set up unproved theories 
which others kept repeating. 

63. Molecular Disturbance Produced. — The static 
spark produces molecular disturbance in the tissues to which 
it is applied. New molecular combinations are thus formed, 
and long-standing exudates and infiltrations are so changed 
that they can be taken up by the lymphatics and blood-vessels, 
or eliminated by the different emunctories. The action of the 
long, clean-cut, percussive spark is essentially mechanical or 
perturbatory, dissociating the parts of which diseased structures 
are composed, permitting of new arrangements and healthier 
combinations. Indurated and infiltrated, thickened and 
edematous tissues under percussive-spark treatment are often 
soon absorbed and the affected i)art8 again take on a healthy 
aspect. The more indications there are for percussive sparks, 
the more tolerable will be their application and the more 
beneficial their results. 

64. Nature of the Frictional Spark. — Tlie frictional 
spark, on account of its eHiciency as a therapeutic agent and 
the facility of its application, requires special notice. It is 
essentiallv a rubefacient and counter-irritant, and can he made 
to vesicate in a few niinutes, hut this is never done in good 
practice. As a rule, in medicine, counter-irritation is i)roduced 
by one of two methods; viz., either by sinapism or })y a blister. 
Other means may be eniployed, but these two are honored by 
tradition and are used daily in routine practice; they are, how- 
ever, both surpassed by static frictions. 

65. Counter-Irritation. — No special dogma is needed 
today to explain the niethodu^ medendi of counter-irritation. 
Claude Bernard and Bichat gave the first glimmerings of the 
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true explanation of the well-known curative powers of counter- 
irritation in beginning the foundation of physiological thera- 
peutics. Duchenne lociited, in the anterior cornua of the spinal 
cr)rd, the real caune of a great deal of myopathic paralysis. 
Diseased i>eripheral nerves were next proved clinically and 
experimentally to i)roduce central spinal lesions. Through 
work dr)ne in the physiological laboratory, reflexes and reflex 
actions became thoroughly familiar to all physicians. The 
action of the vasodilator and the vasoconstrictor nerves and 
their influences on the circulation, local and general, has 
become common knowledge in medicine, and the physician no 
longer looks to this or that master for a specious theory to 
explain the raUnn (Vitre of counter-irritation. Applied to a 
largt* surface of the body for an appropriate length of time, 
counter-irritation produces a redness of the superficies acted 
on, and this redness extends for some distance beyond the 
area irritated; tlie cardiac atition is accelerated, the tempera- 
ture of tli(i l>o(Iy is elevated, and the irritiibility of the cerebro- 
spinal system is increased. If this irriUition is too violent in 
itn energy, or too long continued, it is capable of working serious 
miscliit^f. Tile tropliic influence of con ntt^r- irritation is made 
very manifest and convincing in the study of burns or injuries 
affecting large areas of skin tissue. It is a well-known clinical 
fact that the depth of a burn or injury does not aflect the 
trophic, condition as much as the extent of surface involved. 
Thus, the ami may be coni))lctcly charred to the elbow, and 
there will follow no pneumonia, no atrophic ulceration of the 
tluodcnum. Tlic pn»gnosis of burns depends more on their 
extent than on their (lci»tb; more on the number of nerve- 
filaments involved than on the intensity of the disease or trauma 
t)f any given nerve- tibril. TJie troi)bic inlluence of counter- 
irritation and its imxltis ojn nnuJi can receive no more striking 
illustratii>n than is given in tlie ulcerated duodenum following 
extensive yet superticial burns of cutaneous surface. 

(}(>. To every action there is an exact and e<iual reaction. 
This is a physical law and has no excei)tions. In the case of 
the burn, the sj»inal tro{»hie centers were paralyzed by the 
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counter-irritation produced, and tlie nerves coming irom those 
centers no longer performed their functions, >Yhilcithc parts to 
which they were distributed necessarily underwent- atrophic 
changes. The intensity of the counter-irritation and the length 
of time it is continued controls in toto its therapeutic results. 
Over static electricity, as a means of pnxhicing counter- irrita- 
tion, the operator has absolute control, both as to intensity and 
duration of application. Thus, with proper care and skill, he 
can in a few seconds produce a mild diffuse redness very agree- 
able to the patient; or the same area operated on, by changing 
the manipulations and conditions, can be subjected to any or 
every gradation of counter-irritation that can l»e produced by 
the skilful operator, pathological indications alone controlling 
his work. 

67. Motllflcatlon of Functions. — The amount of blood 
imprisoned in the artificially congesttMl area by a sinapism, or 
the amount of serum withdrawn from tlie general circulation by 
a blister, counts l)ut little in the sum total of the beneficial and 
curative effects of these two agents. Much njore consoling to 
the physician are tluM-esuits demonstrated l>y Doctor Hodges. 
In a series of careful exj)eriments this investigator proves that 
impressions made on the peripheral endings of the sensory 
nerves are transported to the central ganglia, and are ca[)al)le of 
producing there organic changes. Tlii^ seenjs to l)e the pivotal 
point upon which nnist ever rej-t tin- [>liysiological therapeutics 
of counter-irritation. The poim whieh is of interest to the 
physician and which be .should ;ihvay< remember is tliat central 
ganglia may be modifuMl in tiieir functions an«l changed in 
their organic structure \>y im[tressioiis made (Ui tiie sui»erticies 
of the body. 

68, Tlie results (hunonstrated by Doctor Ilodges make it 
easily understood bow fricti(»n and si)arks operate in arresting 
the march of degenerative cord diseases. Tiny make clear the 
metho(hi.i mahndi of electricity, in all varieties of reflex pains, 
no matter what mav be th(^ direct cause of irritation. The 

ft* 

reddened skin and tlie wlieal-like and j»apular eruption are but 
superficial manifestations of tlie effects produced by electric 
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energy. Beyond the skin, and within the central ganglia, 
spinal or cerebral, enduring changes are apparently established, 
which determine the real value of static electricity in daily 
practice. No amount of discussion on electrotechnical theories 
can alter the value of this now demonstrated fact, and the 
physician administering static electricity can feel himself secure 
on a physiological and rational therapeutic basis. It is the 
most important demonstration made since static electricity was 
first used for therapeutic purposes. 



I>OSAGB. 

69. RepTulation of Dosagre. — With the static machine in 
full motion and a patient being treated, the physician habitu- 
ated to the use of galvanism and faradism at once observes the 
absence of rheostatf; and meters. Without these means, how is 
the dosage of static electricity regulated? It depends much on 
the technique of the given application. 

TO, The static dose may be increased by the following 
means: 

1. The electrical output of the static machine varies with 
the rapidity of the revolutions of its plates. The faster the 
plates revolve, the greater will be the electrical output. The 
rapidity of the revolution of the plates is regulated through the 
rheostat in the motor circuit, when a motor is used to run the 
machine. To regulate the motion of an 8-plate 30-inch machine, 
allowing all conceivable gradations from the slowest movements 
to racing motions, 175 ohms will be sufficient. If turned by 
hand, the rate can be controlled still more easily. 

2. The dose is further regulated by the means employed to 
conduct the electricity from the prime conductor to the patient. 
The least energetic manner of conducting the electricity to the 
patient on the insulated platform is by placing the platform-rod 
on a part of the platform as far removed as possible from the 
patient. In this way much of the current is wasted in 
traversing the wooden surface before it reaches the patient. 
The wast« of current produced in this manner can be easily 
verified by requesting the individual on the platform to 



§ 5 OF STATIC CURRENTS. 49 

approach his finger to the prime conductor with which the 
platform is connected. If there is no current waste, no spark 
will pass between the patient's finger and the prime conductor. 
If a spark passes, it demonstrates a diflference of potential and 
a consequent waste of current. 

71. Direct Metallic Conduction. — The best means of 
conveying an electric charge from the prime conductor to the 
insulated patient is by means of direct metallic conduction. 
This may be done in one of two ways; viz., the patient holds 
the platform-rod attached to the prime conductor in both his 
hands, or the patient's feet may rest on a metallic electrode, 
which is attached by means of a chain to the connecting-rod 
resting somewhere on the platform. Either of these two 
methods constitutes direct metallic conduction, and is the surest 
way of giving to the patient the entire electric output of the 
machine. 

Without direct metallic conduction, the dosage may be 
slightly increased or diminished by approaching or withdrawing 
the platform-rod to or from the patient. Office furniture 
placed too near the platform will attract the current and thus 
diminish the charge. In the hot, damp days of summer, the 
plates and interior mechanism of the static machine should be 
kept thoroughly dry. This is best done by frequently rebaking 
the calcium chlorid. The atmosphere of the ofiice may be 
dried of moisture by lighting a few gas-jets or by closing the 
windows and keeping a fire burning for an hour or two. 

72, ITovr to Increase Current Output. — Only those 
skilled in the technique of static electricity sliould employ Leyden 
jars to increase the current. An accident might easily happen 
with the Leyden jars in unskilled hands, which would detract 
much from the repiitation of the operator. The breeze, spray, 
and frictional spark may be increased in energy by interrupting 
the current between the prime conductor and the patient. This 
is best done by the patient holding one end of the platform-rod 
in his hand and resting the other end on the case of the machine, 
so that the rod is about ^ or f inch from the sliding-pole. 
This will cause a spark to pass between the platform-rod and 
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the sliding-pole. This is the most efficient and at the same 
time the simplest method of increasing the strength of local and 
general static applications. 

73. Mild Application of Spray. — The mildest breeze 
or spray application is made in the following manner: The 
patient is insulated n^atively or positively, and the operator 
simply holds the metallic part of the electrode in his hands 
without any connection with the earth, and brinjjing it to the 
necessary distance from the patient. In this way a very mild 
spark may l>e administered, but each spark will cause a 
contraction in the oj>en\tor's wrist. The strength or energy 
of the breeze, spray, or sjwirk may be diminished by any of the 
following means: 

1. The operator may leak off some of the charge through his 
fix>t, placeil for the moment on the platform. 

2. The machine mav be made to run more sl<iwlv. 

3. The metallic Ci>nnwting-ro<l may l>e Uiken from the 
hands of the i^tient and plactnl upon the platform. 

4. The farther the nxl is plactnl fn^m the |>atient's feet the 
less energetic will Ix^ the si>:irk, spray, or bret^ze. 

In ciMitiiuunis-current administration, dirtvt metallic con- 
nection with either hands or fet^t dix^ not in the least annov the 
patient, and the maximum current is thereby obtaineil. 

74. Essjiontlals of Static IK^sji^^ — The i^sontials of 
static dt>:^igt^ may U* n^ulatixl to a niany by atteniion to the 
following details: 

1. The rapidity of the rt^volution of ibo platt^, whether 
slow, nuxiium, or fast, must bo oan^fully^nvniHl. 

2. The condition of the atnu^plu iv. Unh within and wiihvnu 
the static c^ise, is a matter of imivrtaiu i\ 

3. The calcium chlorid should bo v\>ir.|vir:uivi ly dry. 

4. The moans omplv\vt\l to vviwov tl.r oUvtriv ohanzo fr^^u 
the prime cxmduolor to tho |vuit nt sboi:ld Iv o.^rsidortM 

5. If tho ivnduotion is indirtvt, rx^i;luo t:to distamv 
between the jvitiont^s ftvt atui iho vvuvhu tit.ctAvl 

(k Ket^p surrvnit\da>u objtvi> at suoh a dist^iv^v t:;.i: ;)\oy 
will not attract iho current. 
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7. Remember that accumulation of current is a sine qua non 
in successful static therapeutics, and that every detail that 
fosters it should receive studious attention. 



Al'PLICATION OF STATIC ELECTRICITY IX DISEASE. 

75. L.linitatious. — To advocate the use of static elec- 
tricity in all diseases brings one within the realm of char- 
latanism. To write tliat static electricity may be beneficially 
and appropriately employed in some stages of every disease or 
injury puts the question on a strictly clinical and demonstrable 
basis, and the assertion can be supported by anatomico- 
physiological researches. The great additional factor, the 
advantage afforded in its -general use, allowance being made 
for its wonderful therapeutic properties, is that all treatment 
may be given without the patient removing any of his or her 
clothing. Every practitioner that has had any experience in 
electrotherapeutics knows the time consumed in, and the 
embarrassment connected with, every general galvanic or faradic 
application. When the patient is in possession of all his 
faculties, mental as well as physical, disrobing may be 
conveniently resorted to, but when mental and physical disa- 
bilities are present, the act of disrobing, besides the time 
consumed, well-nigh counterl)alances the value of general 
faradization. Static electricity, therefore, is the most suitable 
current for general office practice and gtaieral treatment, but 
owing to the height and size (A the machine it is not portable, 
and this contines it to the i)hysician's ollice; the })atient must 
always be able to go to the machine — the machine, at least at 
present, cannot go to the patient. This fact excludes a large 
class of diseases from the benefit of static treatment. 

TO. Acute infectious fevers, contagious diseases, and, in 
general, all maladies re(iuiring rest and recumbency, do not, 
however, come within the domain of static therapeutics. Its 
great field of use is found in functional nutritional diseases^ in 
controlling the nervous, the circulatory, the respiratory, the 
muscular, the secretory, and the excretory systenis, and as a 
regulator of function and a distributor of harmony. These 
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functional nutritional derangements may be either acute or 
chronic; they are both amenable to static treatment. Each 
operator will find it necessary to study the mechanism and 
adjustment of the machine he purchases l)efore he can expect 
to obtain from it its best therapeutic work. Before a new 
macliine settles down to steady and efficient work, it must be 
carefully adjusted and regulated. The physician exi)ecting 
efficient work from his static machine must give it the same 
scrupulous care that he would give to any other machine or 
being from which he expected certain work. Indeed, static 
electricity and the mechanism that excites it ought to be con- 
sidered separately. 

77. Practical Uses of Static Electricity. — What, 
then, are the practical every-day uses of static electricity? 

1. It gives tone and nutrition to sluggish, wasted, or 
atrophied muscles. 

2. It regulates nerve-action, either as a sedative or as a 
stimulant. 

3. Retlex pains, no matter how produced, are relieved 
or cured. 

4. As a sedative and stinmlating tonic it may be beneficially 
employed in many debilitateil conditions, such as malaria, ner- 
vous exhaujition, prebacillary jstago of tuberrulosis, and in 
cases of siimple anemia. After all major operations, and in con- 
vak'scence from all diseases, static ekvtrioitv is an invaluable 
tlierajK^ulic agent. In a physieian's ollice it will illuminate a 
Cn><»kes lube. In this way, fractures. disliH\itions, and various 

diseases of the bonv framework niav be continuous] v and scien- 

• . . 

tifieallv studieil. An osseous tumor, in its evolution, niav !>e 
thus watched from week to week, and its increase of growth 
noteil. It will also eharue the ei>ndensers uivessarv in the 
pRxluetion of Tesla-dWrsonval eurrenls. 

5. Muscular pains of rheuniatio or tnluniaiie origin, no 
mailer wlure situated, are readilv treatoil and ouieklv relieved. 
Thus, sparking ov frirtion will s{>eedily relieve rtvent lumbago 
or anv oilier form of nuisvular rheumatism. 

6. The dij^t.tut /('.'ii/ i/i<f/n»(/,N -^f^hiril-, spraii, vr breeze — have 
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different local actioUy according to the conditions present and the 
manipulations of the physician. 

78. High-Potential Currents. — Beyond these local 
eifects the ever-present and valuable effects of high- potential 
high-frequency currents must not be forgotten. Metabolism 
of tissue is increased by every static treatment from 20 to 
40 per cent. The amount of uric acid excreted is diminished, 
and the amount of carbonic acid, water, and urea increiised. 
This amounts to saying that the demand created in the tissues 
for oxygen increases the oxidizing processes of the body 
from 20 to 40 per cent. The j)erturbatory action of the 
thick percussive spark, the counter-irritant and rubefacient 
effects of the sliort friction-spark, have been before described. 
Theoretically, the indications for the uses of static electricity 
are as wide as the range of disease itself; but, in practice^ the 
diseasCy the patient^ and the sUUic machine viast all be considered^ 
and it is only when all the indications from these are in 
harmony, and able to cooperate to attain a given end, tliat the 
physiological and tlierai)eutic properties of static electricity are 
exhibited at their best. The short road to learn how to get the 
best result- is to carefully study the teclmique illustrated and 
described in this Section. The method of self- treatment is 
particularly recommended to the student. 

79. The use of static electricity as the best agent to illumi- 
nate a Crookes tube, the facility that static electricity ofTers for 
general electrification without disrobing and without any dis- 
comfort whatever, must give to the static machine in the very 
near future a much wider popularity than it now commands, 
and it only lacks use now wliere it is not known. 



1)1 RATION AND FRKQL KN( Y OF TUEATMKNT. 

80. The averag(* lengtli of treatment in methods producing 
general electrification is from 10 to 15 minutes. Tin? duration 
of any form of local application de})encis on getting the efTecta 
desired. Stimulating and counter-irritant aiH)lications are 
usually very short, and these effects are often obtained in from 
\ minute to 2 minutes. Tonic applications are of medium 
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length, while sedation niii8t nearly always require a longer 
treatment. The length of tinje also varies with different cases, 
so that tlie sole rule of practice is to get the desired effect before 
closing the s^^-ance. 

In acute or painful diseases a daily treatment is advisable 
until improvement permits a longer interval. In most chronic 
diseases the rule is three treatments per week. 

81. Action and Kffect of Methods. — In the foregoing 
pages are described tlie standard methods of employing static 
electricity. In therapeutic administration these methods must 
be directed to i)r()duce effects that will represent indicated thera- 
peutic actions. For inst^mce, a negative static breeze may not 
treat any disease per se, but counter-irritation produced by 
means of the negative static breeze may be as effective treat- 
ment as anv other form of counter-irritation. The student 
therefore should study tlie methods described in this Section 
with a view to mastering the effects that each method can 
be caused to produce by proper variations in technique, for 
Techniiju^ and Physiolotjy 0/ Static and Other High- Frequency 
Currents is written from the standpoint of the action and effect 
of methods. 



USEFUL HINTS.* 

82, DonH neglect proper' care of the machine. 

Don't expose it to damp drafts. 

DonH operate it in too small a room. 

Don't place the platform and patient too near the machine 
or gas- fixture. 

Don't place objects of furniture so near that they will attract 
the current from your patient. 

Don't stund so near the patient yourself that you will do 
the same. 

Don't allow an electrified patient to touch objects or shake 
hands with a visitor. 

Don't pasi^ so near your electrified patient while directing 



*Quoted witli tlit* author'H perininBion from ''Manual of Static Elec- 
tricity in X-Ray and TlierapeQtic Uses,'* by IS. H. Mouell; M. D. 
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treatment that you will draw an unexpected 8park and startle 
your patient unnecessarily. 

Don't incautiously handle a charged Ley den jar. 

Don't seat a patient for treatment on a chair that contains 
ornamental bniss-headed nails in its upholstery. 

Don't fail to remember corset-steels, wires, hairpins, buckles, 
metallic trimmings, etc., in directing local application in 
neurasthenia. 

Don't forget that the thickness, drynass, and quantity of a 
patient's hair will affect the intensity of all applications al>out 
the head. 

Don't forget that the fit, material, texture, and thickness of 
garments directly influence some forms of static applications, 
which must l>e modified accordingly. 

Don't forget that static sparks are not always popular, and 
remember that you have a patient to treat as well as a i)atho- 
logical condition. 

D<m't forget to ground the electrode. 

Don't start the induced current into action with the sliding- 
poles wide apart. 

Don't fail to see that the machine is charged and in working 
order before you call your patient for treatment. 

Don't forget to ground the indifferent j)ole. 



III(JII-FUKQri:>CY CI nUENTS. 

83. Every installation for the generation of hlp:h-fre- 
queiicy currents comprises a transformer, each of whose 
secondary poles is connected both with an air-gap and the 
internal armature of a Leyden jar, while the external armatun* 
is in connec-tion with a solenoid comj)()sed of a few turns of 
thi(;k copper wire. 

The term hiifh-Jrequency is employed to designate alternating 
currents, the number of whose frecjuency can attain several 
millions j>er second. A raj)idly interrupted current from the 
physician's induction-coil is often called a high-frequency 
current. The sinusoidal current is also termed a high-fre- 
quency current. The discharge from the terminals of a static 
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machine are spoken of as high-frequency discharges. These 
are all high-frequency currents, hut that form of current which 
concerns us now can be produced only by the discharge of a 
condenser through an inductorium composed of a few turns of 
thick copper wire. The high-frequency currents in question 
are known as the TeaUi-d^ Arsonval currents. It is now well 
known that these currents were first investigated, and at about 
the same time, 1889-93, by Nicola Tesla and d' Arson val. 
Each worked independent of the other. Tesla's investigations 
were purely technical, while those of d'Arsonval were instituted 
to determine the physiological effects of high-frequency currents 
on animals and man. Before describing the physiological 
effects and the therapeutic indications of high-frequency cur- 
rents we desire, in order to make the subject-matter clearer, to 
impress on the mind of the student that electricity is not a 
simple unique therapeutic agent. 

It is a proteiform physical agent, and each of its forms has 
physiological and therapeutic properties peculiar to it. This 
would render the physiological effects of electric currents com- 
plex, and often contradictory and difficult to comprehend did not 
the physical form of the electric wave that traverses the tissues 
afford an easy solution of the phenomena. The physical form 
of the electric wave produced by the physician's induction-coil 
differs from that produced by a sinusoidal apparatus, and to this 
difference in the physical form of the waves is due the difference 
in physiological effects j)roduced by them. It is for this reason 
that we recommend the student to carefullv studv the physical 

V ,/ I. %, 

characteristics of high-frequency currents, as described in Electro- 
staticR and High- Frequency Cmrents, before commencing the study 
of their physiological effects and therapeutic indications. 

We shall describe the physiological effects of bigb-frequeney 
currents under two headings, namely: General effects and local 
effects. 

84, General Effects or Hlgfh-Freqiiency Currents. 

From the first researches of d' Arson val it has been known that 
the general effects of high-frequency currents are identical, no 
matter what method of application is employed. The effects, 
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however, diifer in intensity according to the method of applica- 
tion employed. Up to the present time three different methods 
have been used in the study of the general effects of these 
currents, namely: 

1. Direct Applications. — A metallic electrode connected with 
one terminal of the solenoid is applied to the skin of the patient, 
while the other terminal of the solenoid is grounded (monopolar 
application) or likewise connected with a metallic electrode and 
applied to the skin of the patient (bipolar application). 

2. Autoconduciion. — In this method the patient is placed in 
an oscillating electric field created by a solenoid that completely 
surrounds him (see Fig. 49, Electrostatics and High-Freipiency 
Currents). *The tissues of the patient are the location of 
extremely energetic induced currents due to the frequency 
of the electric source; they act like short circuits and are trav- 
ersed by inductive currents of high intensity." 

3. Condensation. — In the third method of applying high- 
frequency currents the patient is placed on a lounge, a.«^ shown 
in Fig. 48, Electrostatics and High-Frefpiency Currents. The 
patient in this method constitutes one armature of a condenser 
connected with one of the terminals of the solenoid; the dielec- 
tric is formed bv the air contained in the substance of the 
mattress beneath which is fixed a sheet of metal forming the 
second armature of the condenser and communicating with the 
other terminal of the solenoid made of a few turns of thick wire. 

4. Sensor}/ and Motor Effects. — The effects produced in 
general electrification by bigh-frequency currents are best studied 
in their actions (1) on the sensory nerves, (2) on the motor 
nerves, (3) cm the vasomotor nerves, (4) on the trophic proc- 
esses, (5) on the micro-organisms and their toxins. 

The experiments of d'Arsonval (1893) are now classic; six 
lamps of 125 volts and .<S ampere were j)laced in circuit with 
several individuals. The extremities of the circuit were con- 
nected with the two poles of the higb-freciuency solenoid, the 
lamps became incimdescent when the current passed, but the 
individuals in the circuit experienced neither motor nor sensory 
effects. The analogy between these phenomena and static 
phenomena are striking. If a patient insulated on the static 
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platform has both poles of the static machine applied directly 
to his skin he will experience no sensation, — there will be no 
motor reaction, though the plates be revolving at their maxi- 
mum of rapidity. If one electrode is removed a short distance 
from the patient's body, a shower of sparks at once occurs 
between the electrode and the skin, and these sparks are painful. 
The sparks from the high-frequency apparatus of d' Arson val, 
however, produce a certain degree of analgesia that static 
sparks do not. 

The quantity of energy traversing the circuit was 720 watts, 
sufficient to kill a man if it traversed his organism under the 
form of an alternating current of low frequency. With a pow- 
erful apparatus for the jiroduction of high-frequency currents 
the current intensity tliat can be applied to a [)atient with- 
out producing either motor or sensory effects is about 300 
milliamperes. 

5. Vasovwtor Effects, — The vasomotor nerves on the contrary 
are eminently excitable by currents of high freiiuency. Under 
the action of these currents the blood-vessels in the ear of a 
rabbit dilate just as if the sympathetic had been divided. A 
little later the dilatation is followed l)y an energetic contrac- 
tion. By using the sphygmograph of Marey an identical result 
may be demonstrated on man. In exj)erimenting on man 
there is first observed vasomotor dilatation, with lowering of 
blood -pressure, but this is soon followed by energetic con- 
traction of the vessels, which then remain contracted and the 
blood- pressure rises. 

85. All authors wlio have investij^atcd the action of bigh- 
frecjuency currents on vasomotor nerves (confirm the above 
statement*^. The importance of this action on the vasomotor 
nerves is whollv derived from the role of the vasomotor svstem 
in physiology. The movement of the blood depends on the 
heart, but its distribution depends on the vessels. The vaso- 
motor nerves distribute the blood to the organism at the same 
time that they regulate its pressure. By these two mechanisms 
they influence temperature, whether local or geiu^al, by increas- 
ing or decreasing the supply of warm blood to any given region. 
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They influence secretions by modifying the pressure in the 
vessels of the gland, and thus facilitate th<3 pliysical [>henomena 
of absorption and osmose, or they permit an increased supply 
of material to the structures of the gland. They influence 
nutrition in general by the same means that they influence the 
secretions of glands. 

Effects on Trophic Processes. — The most remarkable of the 
effects of high-frequency currents is the extraordinary activity 
they impart to the nutritive processes of animal life. 

This trophic effect on man and animals has been determined 
by analyzing the products of respiratory combustion before and 
after the action of high-fretpiency currents. The increased 
tissue- metabolism is shown by the larger consumption of oxygen 
and the greater elimination of carbon dioxid. The increased 
activity in nutritive j)rocesses has also been determined by 
urinary analysis. During treatment there is an augmentation of 
the volume of urine, of urea, or uric acid, phosphates, sulfates, 
and chlorids eliminated in 24 hours. The hyperactivity of 
organic combustions can also be demonstrated by measuring 
the (juantity of heat radiated from the body. 

In confirmation of the trophic action of high-frequency 
currents we add the results obtained by weighing aninjals suIj- 
mitted to the influence of these currents. In the normal state 
the guinea-pig losfs 6 grams of bis weight in IG hours; he 
loses oO in the same* time under the influence of these currents. 
Another guinea-pi^ that lost 6 grams in 5 hours in the normal 
state lost 24 in the same time under the influence of high- 
frefpiency currents. A rabbit has lost 4S grams in 8 hours 
during the passage of the current and 25 grams only in the 
same time in the normal state. 

In general electrification by high-frecjuency currents there are 
therefore produced three principal phenomena. 

1. AbseiK'e of reaction of motor and sensor v nerves. 

2. Reaction of vasomotor nerves producing vasodilatiition 
soon followed by contraction. 

8. Increased activity in tissue-metabolism. 
Effects on M'urobea. — The action of high-frecjuency currents on 
micro-organisms and their toxins has been demonstrated by 
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d' Arson val and Charrin. They experimented first on diphthe- 
ritic toxin by the direct application of high-frequency currents. 
The diphtheritic toxin was placed in a V-shaped tube in which 
was inserted two platinum wires. These platinum wires were 
connected with the terminals of a small solenoid. The current 
was passed through the toxin for 15 minutes and then 2.5 cubic 
centimeters of the toxin was injected into each of these guinea- 
pigs and the same toxin through which no current had been 
passed was injected into three other guinea-pigs to control the 
experiment. The three guinea-pigs into which the toxin through 
which no current had passed was injected died in 20, 24, and 
36 hours, while the three injected with the toxin that had 
been subjected to the passage of the high-frequency current were 
not even sick. 

Experiments were made on the bacillus pyocyaneus. When 
the current passed ^ hour the bacillus was killed. An attenu- 
ation of the virulence of the bacillus was obtained in a few 
minutes. From these and other experiments d'Arsonval and 
Charrin conclude: That high-frequency currents attenuate 
the virulence of bacilli and their toxins. That the toxins tlms 
attenuated increase the resistance of animals into which they are 
injected; that is, they become antitoxins. The results of the 
beautiful experiments of d'Arsonval and Charrin permit us to 
hope that it will be possible in a future that is not perhaps 
distant, to attenuate toxins directly in the organism, without 
altering the constitutive elenjents of the tissues, by means of 
high-frequency currents. 

86, Liocal Effects of II i|arh -Frequency Currents. 

The local eflfects of high-frcujuency currents have been studied 
in their actions on (a) sensory nerves, (b) motor nerves, 
(c) vasomotor nerves, (d) trophic procet^ses. For local appli- 
cations of these currents, Oudin's resonator (Fig. 50, Electro- 
statics and High- Frequency Currenti<), or d'ArsonvaFs iuiproved 
high-tension coil (Fig. 51, Electrostatics and Hnjh- Frequency 
Currents), or the bipolar resonator of Rochefort, Plate XXXIII, 
may be used. The electrodes used in the local application of 
high-frequency currents are of three kinds: Ordinary metal 
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High- 



electrodes, condeneer electrodes, and vacuum electrodea. 
frequency electrodea are illu-slrated in Plate XXXV, 

Local methods comprise (a) direct applications, the patient 
being placed in ehunt with the Bolenoid; (6) epray; (c) spark. 

Direct applications have lieen carefully studied by M. Denoycs, 




T„imS«n.i,nIl<«h.J„,li. 



w-lii> fittribules to theui («) an analgesic action, {b) an absorb- 
ent iurtioii, (c) ii vasomotor action, {d) trtiphlc action. 

If liigh-frt'(iucncy currents are applied to the skin by meanu 
iiT :i pencil of metallic wires, a shower uf small violet B|>arks 
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pasB between the electrode and the aWn jjroduciiig a i)rickliDg, 
and Boiiiuwhat {laiiiful, sensution. It tliia applicutioii is con- 
tinued eeveral niinutea the ekin becomes anesthetic. This 
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I'l^TE XXXV, 



anestht'sia is sujierficiat ami docs not last long. Its thera- 
peutic iiniKjrtiintieis derived from the fact that it is not only 
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produced in the physiological state but also in numerous patho- 
logical conditions. 

Doumer and Zimmerman report cases of anal fissure success- 
fully treated by this property of high-frequency currents. 
They employed monopolar intrarectal applications by means of 
a glass rod for about 5 minutes. Oudin, Regnicr, and Didsbury 
have been able, after the application of these currents, to 
extract, without any pain, molars with inflamed pulps. Doumer 
has further utilized this property of high-freijuency currents in 
the treatment of painful hemorrhoids, orchitis, and tuberculosis 
of the prostate to combat the element of pain. 

In the general application of these currents, a striking char- 
acteristic is that there is no motor reaction. In local 
applications this is not the case. If the current is interrupted 
in a point, a spark is produced at each interruption, and if this 
spark is delivered on a muscle, it will cause contraction of the 
muscle. Sparks from the resonator determine an anemia of the 
skin in a circumference of 1 or 2 centimeters. This pallor is 
followed by the characteristic appearance of goose-skin. If a 
series of sparks is applied along the vertebral colunm, the 
pressure in the arteries will be considerably increiised. The 
spray, particularly from the l)ipolar resonator of Rochefort, 
produces an intense vasodilatiition of the points or surface sul)- 
mitted to its influence, and a very active and intense rise in 
arterial pressure. It acts by ameliorating the general state of the 
patient and by increasing the defensive reactions of the organism. 

The monopolar applications of the spray and spark are very 
often successful in a variety of skin diseases, as eczema, lichen, 
lupus erythematosus, psoriasis, pruritus, neuralgia, etc. Tbe 
local actions of high-freciuency currents on the vasomotor nerves 
do not differ from their genciral action. After prolonged 
applications of the spray or spark from tlu? high-tension 
solenoid, lesions are produced analogous to those sometimes 
observed after certain X-ray exposures. The direct api)licati()n 
of high-frequency currents in rabl)its is far from having the 
same innocuity as in man. They always product* very grave 
phenomena in rabbits, and if the application is suflieiently 
prolonged, the rabbit dies. 
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87. Therapeutic Indications. — The remarkable physio- 
logical effects of high-frequency currents on the nutritive acts of 
living tissues seemed to open up some few years ago wide fields 
for their therapeutic applications. It was thought that there 
would be a legitimate place for these modes of electrification in 
diabetes, obesity, rheumatism, gout, and in all diseases char- 
acterized by slow nutritive processes. Experience with these 
currents in the treatment of disease has not responded to the 
hopes created by their physiological actions. Indeed, a French 
author and teacher in a recent work states that autoconduction 
and autocondensation should be discarded and that the direct 
applications and the currents from the various resonators should 
alone be employed. 

The French authors (Apostoli, Oudin, Dounier) partic^ularly 
recommended high-frequency currents in the treatment of: 

1. Gout, diabetes, obesity, asthma, gall-stones, kidney- 
stones, rheumatism, anemia. They also recommend their use 
in malignant tumors. 

2. Eczema, acne, f urunculosis, herpes, lichen ruber, psoriasis, 
lupus, erythema. According to Eulenberg good results are 
obtained in the treatment of all these skin diseases. 

3. Neuralgia and functional derangements of the heart. 

4. Diseases of the genito-urinary apparatus of both sexes, 
so also in hemorrhoids and in anal fissures and ulcers. 

5. They have also been quite frequently employed in the 
treatment of tuberculosis of the lungs. 

The duration of all applications varies from 8 to 15 minutes, 
and the applications are repeated daily or on alternate days. 
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INTRODUCTION, 



THE HUMAN BODY AS A GENERATOR OF 

ELECTRIC CURRENTS. 



DISCOVERY OF ( URRENTS IN NERVES, MUSCLES, 

AND GI^ANDS. 

1, Analogy Between Electric Organs of Certain 
Fishes and Human Muscles. — Before discussing the func- 
tions of human tissues as generators of electric currents, we shall 
briefly consider the electric phenomena produced hy electric 
fishes. These phenomena interest the electrotherapeutist 
because of the analogy that exists between the manner in which 
the electric organs of the fish produce electric discharges and that 
in which a muscle that contracts determines a loss of potential. 

The principal known electric fishes are the gymnotus, or 
electric eel; the malapterurus, or sheath tish; the torpedo, and 
several other species of rays. The electric organs of these 
fishes were discovered by Redi. Thev are flattened kidncv- 
shaped organs situated at each side of the head. They are 
formed of hexagonal prisms, each of which is constituted 
by a large number of cells. Each cell is filled in part by 
a granular mass, probably of a protoplasmic nature in which 
the nerve ramifies, and by an amorphous fluid substance dis- 
tributed over the nerve-filaments. P^ach electric organ receives 
four nerve-trunks. If these nerves are cut on one side, the 

For notice qf copyright, tef page immediately /oUowing the title page, 
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corresponding organ cannot give electric shocks; it is paralyzed 
like a muscle whose motor nerve has been divided. If the 
peripheral end of the divided nerves is stimulated, an electric 
discharge is produced. These phenomena are exactly analogous 
to those observed in a muscle when its motor nerve is divided. 
When the motor nerve is divided, the muscle is paralyzed, and 
if the peripheral end of the divided nerve is stimulated, the 
muscle contracts. 

In comparing the structure of electric organs with that of 
muscles, M. Marcy has pointed out certain resemblances; the 
fascicle of electric prisms resoml>les a fascicle of muscular fibers; 
each electric i)rism is formed of superimposed cells resembling 
somewhat the superimposed disks of striated muscle- fibers. 

If the torpedo is sul>mitted to the influence of a narcotic — 
opium or belladonna — the energy of its electric discharge is 
diminished or annihilated; while it is increased by convulsive 
agents — strychnin in particular. The electric discharges of these 
fishes occur only under the influence of their will or under that 
of an artificial excitant — mechanical, electrical, or chemical. 
These organs, then, produce an electric current when they are 
stimulated either by their will or artificially. In this respect 
they produce electric energy precisely as the muscles produce 
mechanical energy. 

2. The electric discharges of these fishes have been explained 
in several ways. Ranvier con) pared the electric organs of the 
fish to a battery of galvanic cells or condci>i5ers. The most 
acceptable theory is that given by d'Arw)nval; it is as follows: 
in the arrangement of the electric cells and in their composition 
are all the conditions desirable for the production of electric 
currents of high tension by the phenomenon of Lippman. Tbe 
protoplasmic base of each cell excited by its nerve, is electrified 
negatively {negative oscillation) due to the variation of the 
superficial tension of the protoplasm, and tbe non-protoplasmic 
substance is electrified positively. Tbe superposition of the 
cells connects these elements for tension or in series. There are 
several millions of these cells in one column. Each individual 
negative oscillation is, therefore, multi])lied by the number of 
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cells in a column, which accounts for the tension of each dis- 
charge. There are also several millions of columns connected by 
poles of the same name, which accounts for (juantity in each 
discharge. 

In order to demonstrate experimentally his theoretical views, 
d'Arsonval took a tube of caoutchouc and separated it into a 
series of compartments by means of porous disks. At the level 
of the porous disks he wound the tube tightly with pack thread. 
Each compartment of the tube was filled with a stratum of 
mercury beneath and one of acidulated water above. When 
this tube was suddenly lengthened, both extremities being held, 
a shock was experienced. If a weight was suspended from the 
inferior extremity of the tube and the whole system was caused 
to oscillate up and down, an alternating current was produced. 

A torpedo or gymnotus placed in water gives very strong 
shocks, at a distance, to other fishes placed in the same water 
with it. It does not, however, experience any shock itself. 
The torpedo, according to iSIarey, supports without reaction 
very strong discharges from an induction-coil. These fishes are 
then mithridatic with regard to electricity as the viper is with 
regard to the poison it secretes. 

3. Generation of Electricity l>y Organic Tissues. 

Besides these specialized organs of cerUiin fishes, all tissues of 
living organisms are capable of producing electric currents. 
By means of very delicate measuring instrumeu-ts, it -is now 
possible to perceive the existence and determine the direction 
of these currents. The currents in nerve- and muscle-tissue 
have received the most attention. Indeed a score of illustrious 
physiologists of the 19th century passed a good part of their 
lives in the investigation of nerve- and muscle-currents. 

From the celebrated controversy between Galvani and Volta 
we inherit two important facts: namely, the invention of the 
galvanic battery by Volta, and the discovery of animal electricity 
by Galvani. 

4, Origin of Electropliysiology. — Electrophysiology 
dates from the following simple experiment i)erformed by 
Galvani. He separated the sciatic nerve of a frog from its 
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lumbar attachment, and by means of a glass rod applied the 
cut end of the nerve to the exposed gastrocnemius of the frog; 
the muscle contracted. Galvani first observed (1772-74) that 
if he brought the exposed nerve and muscle of a frog in contact 
by means of a metallic arch, homogeneous or heterogeneous, 
the muscle contracted. He concluded that the current was 
generated in the muscle, and he named the electricity thus 
developed, animal electricity, 

Volta contested the interpretation given by Galvani, and 
aflftrmed that the electric current producing the contraction was 
generated not in the muscle but in the metallic arc. By char- 
ging a condenser, Volta demonstrated that the contact of two 
metals produced an electric current and constructed the battery, 
which is the origin of all that have since been made. Galvani 
now omitted the metallic arc and simply touched the exposed 
muscle with the divided end of the nerve; the muscle con- 
tracted. To these simple experiments are due the invention 
of the galvanic battery and the discovery of animal electricity. 

Humboldt (1799) repeated the experiments of Galvani on a 
large number of different animals; he examined the influence 
of the current on the intestines, on the heart, and on himself, 

In 1827, Nobili invented his galvanometer and studied the 
current in the nerve and muscle of the frog. He considered 
the frog current as thermoelectric in origin due to inequalities 
in temperature in nerve and muscle caused by evaporation. 

In 1844, Matteucci published his work on "The Phenomena 
of Aniuial Electrophysiology' ; and in 1848 a work appeared by 
Dubois- Ileymond on *'The Electrophysiology of Motor Nerves 
and Muscles.'* 

Matteucci attributed nerve- and nmscle- currents to chemical 
action. In opposition to Matteuct^i, Dubois- Reyinond attril>- 
utes these currents to vital phenomena, subordinate to the 
vitality of tissues and ending with their death. To the chemical 
theory of Matteucci he opposed his famous conception of 
electro ton us. 

Following Dubois- Reymond a large number of German authors 
investigated these currents. Among these may be mentioned 
Eckhard and Pfliiger, who condensed all previous knowledge of 
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muscle-contraction in a synthesis known as the contraction laws 
of Pfluger, Baierlacher, Remak, Erdman, Breuner, Benedikt, 
Neumann, Rosenthal, Ziemssen, and Erb. These anithors 
occupied themselves with the electrophysiology of the muscular 
system. Gerhard, Eulenberg, Beard, and Rockwell investigated 
the electrophysiology of the great sympathetic. Ritter, Brenner, 
Neftel, Eulenberg, and Erb studied the reaction of the retina 
and the optic nerve. De Watteville and Bernhardt investigated 
electrocutaneous sensibility. 

All investigators agree as to the reality of the existence of 
these currents; they are not, however, in harmony as to the 
conditions of their production. For Dubois-Keymond, these 
currents always exist in the muscles, injured or non-injured. 
Herman declares emphatically that they cannot be demonstrated 
in the intact muscle, that they exist only in the traumatized 
muscle and that in this case the longitudinal surface is always 
positive and the injured surface negative. These currents are 
known in physiology as currents of nutrition, or currents of rest, 
because they manifest themselves when the muscle is inactive 
and are thought to be due to the nutritive i)roces8 going on in 
the muscle. If, now, the muscle is excited by some means — 
chemical, mechanical, or electrical — it contracts and the needle 
of the galvanometer is defiected in the opposite direction, 
demonstrating the existence of an electric current, the so-called 
negative oscillation of l)ul)<)is-Reymond. 

5. Relation of Electric Currents to Miiseiilar Con- 
traction. — When a muscle contracts it produces n<'at and 
accomplishes work, physiological or mechanical. Further, it 
produces an electrical current We have seen that when the 
cut end of a nerve is brought in contact with a niusch*, the 
muscle contracts. An electric current having its origin in 
the muscle excites the nerve (in precisely the same manner 
as a current from a battery of Leclanche cells) and produces 
muscular contraction. 

Take a piece of fresh nmscle, cut it in two, and connect the 
surface of section with the longitudinal surface of the muscle 
to a galvanometer by means of two wires; the needle of the 
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galvanometer will be deflected, demonstrating the passage of 
a current. If a telephone is substituted for the galvanometer 
the receiver will vibrate, producing a sound. 

The same experiment made on a segment of exsected nerve 
produces the same result; the needle of the galvanometer is 
deflected. If the nerve is stimulated while the current of rest 
is flowing, the needle of the galvanometer will show the exist- 
ence of the current of action or negative oscillation. These 
aame currents of rest and currents of action can also be demon- 
strated in non-striated muscular tissue and in glands. The 
maximum difference of potential for muscles, according to 
Helmholtz, is .035 to .075 of a Daniell element and for nerve 
.022 to .026. 

There are then two currents in nerves, muscles, and glands 
with which illustrious physiologists and physicists have been 
much concerned, namely: (1) The current of rest, also named 
the constant current or current of nutrition; (2) the current of 
action always perceived when a muscle, a nerve, or a gland is 
in an active state. 

We have already seen that the existence of the current of 
nutrition in uninjured tissues and througii the unbroken integu- 
ment is denied by many observers, chief among whom is 
Herman. Concerning the existence of the current of action or 
the current of function in living tissues, the so-called negative 
oscillation of Dubois- Reyniond, there exists little or no doubt 
among physiologists. Even Herman does not directly deny 
its existence. The current of action was demonstrated in the 
following manner by Dubois-Reymond. Nonpolarizable elec- 
trodes connected with a galvanometer were placed in two vases 
containing a weak saline solution. His liands were plunged 
into each of these vases. When he contracted the muscles of 
his arms he observed a deflection of the galvanometer needle, 
indicating a current flowing from the arm at rest through the 
galvanometer to the arm in action. In other words, when a 
muscle contracts it produces an electric current, and the electric 
potential of the contracted muscle is demonstrated. 

For d'Arsonval the current of rest or nutrition has an incon- 
testable existence. He regards this current as a corollary of the 
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chemical function of protoplasm; in the tissues protoplasm 
l)ehave8 like zinc in the galvanic cell. The intensity of the 
current is in proportion to respiratory phenomena. D' Arsonval 
observes that although the currents detected i>y him are very 
feeble, so feeble that their existence is denied by the majority 
of investigators, they represent the infinitely small part of the 
currents produced in the organism. They are in reality derived 
currents. In the intimate structure of the tissue these currents 
are on short circuit and are only recognized in the form of heat. 
The chemical reaction of protoplasm produces an electric cur- 
rent, and the heat of the organism is a secondary transformation. 

This is, according to d' Arsonval, the common mechanism of 
the production of animal heat. He compares the ])roduction 
of heat in the animal organism to the production of heat in a 
galvanic cell. There is, first, chemical action with the produc- 
tion of an electric current, and as a result of the flow of the 
electric current heat is j)roduced. 

When the role of these currents will })e better known an 
immense step will have been taken in ele(!lrotherapy. Our 
tissues may be compared to an infinity of membranes s«^parated 
by fluids of difTerent densities. It is very probable that the 
currents inherent in muscles, nerves, and glands accelerate 
osmotic changes in the body. We know that current from 
external sources can be made to ])enetrate the human organism, 
and we may therefore hope to be able to modify tlie inherent 
currents of the tissuc^s and in this way to increase or diminish 
the activity of cell life. 

6, EfTcct of Muscular Contraction on tlH» IMocxI. — A 

voluntary muscle does not seem capable of s])()ntane()us contrac- 
tion. For contraction it recpiirt^s the stimulation of the will or 
an artificial (excitation. When the will is no louL^er able to act 
either on account of disease* or injury, artilicial excitation must 
be resorted to. An electric current is the onlv artificial excita- 
tiori that will efTectivel v contract a muscle in this condition. The 
importance of muscular contraction is evident from the changes 
it produces. Muscular contraction modifies profoundly the 
composition of the blood: it renders it more venous than it 
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is in a condition of repose. During contraction there is marked 
intramuscular vasodilatation, the muscle contains more blood, 
and the blood flows more rapidly than during repose. Muscular 
activity reduces tension in the artery and increases tension in 
the veins. The property of a muscle to contract is inherent 
in muscular tissues and persists after its ner\'e-supply is cut off. 



RESISTANCE OF HUMAN BODY TO ELECTRIC CURRENTS. 

7. There are two very important factors to be considered in 
direct-current applications to the human body that must be 
thoroughly understood in order to intelligently apply these 
currents with a view of utilizing their physical, chemical, and 
physiological properties, or their empiric indications, in the 
treatment of disease. We refer (1) to the electric resistance of 
the body as a whole and to the electric resistance of the individual 
tissues of which the body is composed, and (2) to the current- 
density in different parts of the circuit, and particularly at the 
points or surfaces of application of the electrodes. The human 
body is not a simple homogeneous conductor: it is a complex 
conductor of three dimensions essentially heterogeneous. It is 
not reasonable, therefore, to assign to it an electric resistance 
as precise and determined as can be done for a simple wire con- 
ductor. When the electric resistance of the body as a whole is 
referred to, what is meant, in rr^ality, is the resistance of the 
epidermis. When the resi.stance of the epidermis is overcome, 
the current will be divided among the various tissues of the 
body in an inverse ratio to their resistances. The dry epider- 
mis is an insulator much like glass or ebonite. Ohm's law 

E 

C ^=^ f^ teaches us that the value of the factor R modifies the 

rate of flow, the quantity, and the energy of the current. It 
is important, therefore, that we know, at least approximately, 
the resistance of the body as a whole and the resistance of the 
individual tissues. 

The resistance of the body as a whole has a variable value, 
since it depends on (a) the potential of the current used, 
(h) the duration of the application, (c) the .sectional area of the 
electrodes, (d) the pressure exerted on the tissues, (e) the 
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degree of moisture of the electrodes, (/) the region examined, 
(g) the condition of the skin — dry, moist, vascular. D'Arman 
states that in a healthy individual, in the usual conditions of 
electrotherapeutic applications with electrodes of the usual size, 
and a current-strength of from 5 to 30 milliampers, the hody 
resistance varies between 30,000 and 800 ohms. 

By the method of substitution, Larat calculated in twenty 
patients the resistance during intra-uterine galvanization. With 
a large electrode, measuring 350 square centimeters, placed on 
the skin and the usual metallic electrode in the uterus, and 
using a current-strength of from 25 to 50 milliamperes, the 
resistance oscillated between 200 and GOO ohms. The resistance 
becomes extremely feeble when the epidermis is entirely sup- 
pressed, as in bipolar electrolysis when two needles slightly 
separated are plunged into the tissues. 

M. Dubois, of Berne, gives the following table of resistances: 



From wrist to forearm 
From wrist to arm . 
From wrist to back of neck 
From wrist to sole of foot 
From one foot to the other 
From one hand to the other 



400 ohms. 
460 ohms. 
GOO ohms. 
900 ohms. 
900 ohms. 
900 ohms. 



M. Weiss gives the following table to show the influence of 
current-strength on the diminution of resistance: 





TAJJT.K 1. 




Intensity. 


Kesi^tanco. 


1 Intensity. 


Kesi stance. 


Milliamperes. 


Ohms. 
1,330 


MilliainiKTOs. 

i 3.00 


Ohms. 


2.75 


1,200 


6.00 


1,250 


6.50 


1,110 


11.50 


1,170 


i 10.00 


1,065 


18.50 


1,145 


19.50 


1,040 


11.50 


1,160 


9.40 


1,100 


5.50 


1,210 


5.50 


1,160 


2,25 


1,260 ' 

1 


2.25 


1,220 
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The individual (experimented on held one electrode in 
each hand. 

The resistance of the lx)dy in the hydro-electric bath is 
about 300 ohms. 

8. Resistance of Individual Tissues. — The total resist- 
ance of the body is a matter of secondary importance to the 
oloctrothorapeutist, because with a reliable milliammeter in cir- 
cuit the current-strength is always indicated in absolute units. 
The resistance of the individual tissues is, on the contrary, of 
the utmost importance. None of the tissues of the body are 
what physicists call good conductors. Muscular tissue, the 
best conducting tissue in th(^ body, has 100,000 times more 
resistance than mercury. If the specific resistance of the 
mu.»^cular tissue' is represented by 1 the resistance of the other 
tissues may be represented as follows: 

Muscle 1.0 ohm. 

Tendon 1.'*^ to 2.5 ohms. 

Nerve l.() to 2 1 ohms. 

C'artilnge l.Sio 2 3 ohms. 

Hon(i lf).Oto 22.0 ohms. 

Skin deprived of its epidenni- 1 ()().(). to 500.0 ohms. 

1). InfliH»nee of Litpiid in Tissues on llosistance. 

The resistiinct; of organic tissue does not depend on the tissue 
itself but on tilt; amount of li<juid it contains Eekliard has 
given the following percentages for liquids in the<lifTen'nt tissues: 

Muscle *)S per cent. 

Tendon i)2 ])er on\{. 

Cartilage- 70 per cent. 

Nerve GC) j)er cent. 

J^)ne 7 per c(nit. 

To demonstrate the influence that the tpiantity of llui<l in 
any tissue has on its conductivity, slowlv dessicate the tissues 
and j)ass thnnigh it at intervals an intermittent current to avoid 
the effects of polarization. It will be found that as the process 
of dessication proceeds the resistance will inerejist^, until fnially 
when dessication is complete, the tissues may be considered an 
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insulator. If the dessicated tissue is now placed in an artificial 
serum its normal conductivity will soon be restored. 

10. Matteuccl's Demonstration of the Conductivity 
of Organic Tissues. — Matteucci demonstrated the conductivity 
of the different organic tissues in the following manner: Taking 
sections of equal dimensions of nerve, bone, and muscle 
he placed them end to end on a glass plate, making them 
part of a circuit through which a current of constant inten- 
sity is flowing. He prepared a cork by inserting a plati- 
num needle through each end and connecting the j)latinum 
needles to the terminals of a galvanometer l)y means of two 
wires. It is evident that when the platinum needles are 
plunged into either the nerve, bone, or muscle, part of the 
current in tlie principal circuit will pass through the galva- 
nometer in the form of a derived current. Matteucci found that 
when the platinum needles were plunged into the muscular 
tissue, the galvanometer needle was only slightly deflected; 
that when they were inserted into the nerve, the deflection of 
the- galvanometer needle was four times greater; but that the 
deflection was at a maximum when the platinum needles were 
inserted into the bone. 

11. The Ltaw of KirchofT. — These circuits improvised by 
Matteucci represent the composition of the circuits which the 
electrotherapeutist must consider in applying electric currents 
to the human organism. The distribution of the currents in 
these circuits is determined by the law of Kirchoff and may ))e 
stated as follows: The uiti'n.ii(y of the princiiKil aureni is c(]U(d to 
the sum of tJie intensities of the tier iced currents. 

We know that the intensity of any current is inversely pro- 
portional to its resistance. Applying these data to electrophysi- 
ology we find that the largest part of a current applied to the 
body will pass through the muscles, a smaller part through the 
nerves, and a still smaller part throu<zh bones. From these 
facts we may make some very practical deductions to guide us 
in electrotherapeutic work. 

12. Conditions Determining Resistance of Human 
Tissues. — The ordinary physical c(mditions that determine the 
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resifitance of human tissues are modified by (a) vascular action, 
(b) polarization in the neighborhood of the electrodes, (c) polar- 
ization in the interpolar tissues, (d) the electric capacity of the 
region included between the electrodes. 

Vascular conditions modify considerably the resistance of the 
circuit. The absorbent part of the electrode may be thoroughly 
saturated and the skin thoroughly cleansed and moistened, yet 
after a few minutes* application of the direct current, the rate 
of flow increases several milliamperes. This diminution of 
resistance is due to the increased vascularity beneath the elec- 
trodes. In pathological conditions in which there is a dilatation 
of peripheral vessels, the electric resistance is considerably 
decreased. 

In the immediate neighborhood of the electrodes there is an 
intense polarization due to electrolytic products set free. This 
polarization creates an E. M. F. that acts in opposition to the 
primary current and has the same influence as if the resistance 
of the circuit was increased. 

Polarization of interpolar tissues also increases the resistance 
of the circuit. Indeed, one of the first effects produced by a 
current in an electrolytic conductor is the j)roduction of a 
counter K. M. F. due to polarization. 

The influence of various pathological conditions on the elec- 
tric resistance of the body has been recently investigated by 
L. Courtadon, and his conclusions in the main confirm those of 
Vigouroux and other investigators. 

From his researches, L. Courtadon concludes as follows: 
There is a diminution of resistance in Basedow's disease, 
neurasthenia, chorea, melancholia, edema, and in myopathic 
affections with atrophy or pseudohypertrophy. The resistance 
is increased in hysteria, in paralysis accompanied by reduction 
of temperature, and in epilepsy. It is also increased in sclero- 
derma, elephantiasis, beriberi, in cachexia with loss of flesh, 
in atrophies due to diminution of section of muscular con- 
ductors, and in various effusions. The resistance is also 
increased in fevers. The increased combustions produce not 
only heat, but also animal electricity which polarizes the tissues 
of the patient. 
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13. IinxK>rtanee of Considering: tlie Resistance of 
Tissues. — The specific resistance of the-different tissues of the 
body should be carefully considered in every electrotherapeutic 
application. Neglect to do so in the past will account for many 
indifferent results. Specific tissue resistances are of capital 
importance when the question is the application of the electric 
current to structures enclosed within bony walls, as, for exanii)le, 
the brain and spinal cord. The calculation is very simple to 
determine the current-strength that will reach tlie spinal cord 
when the current-strength in the principal circuit is only 8 or 10 
milliamperes applied, as it frequently is, by means of a small 
hand electrode. Still keeping in mind the ratio of the specific 
resistances of the tissues of the body, it will he setn how little 
of the current can possibly pass through the brain tissue when 
but from 4 to 6 milliamperes are flowing in the principal circuit. 
We repeat that since the advent of reliable milliammeters to 
indicate in absolute units the current-strength in the principal 
circuit, the resistance of the body as a whole has becouie of 
secondary importance, whereas th-e ratio of the specific resist- 
ances of the tissues of the body has assumed a very practical role 
in the successful application of the direct current in therai)eutics. 

RELATIOX OF CUKRENT-DENSITV TO SUUFA( E AKEA OF 

ELECTRODE. 

14. The sensory efTects, the motor effects, and the elec- 
trolytic effects of the unbroken flow of the direct currt'iit deptjiul 
on the current-density; that is, the ratio of the current-strength 
to the sectional area of the conductor through which it flows. 
The absolute value of current-intensity is not of great value in 
itself; it is necessary at the same time to consider the surface 
area of the electrode. 

If D represents density, C the current-strength, and *S the 

surface area of the electrode, the following formula will ena))le 

C 
UB to ascertain the current-density, D - ; the larger that S is, 

the less will be the density; and inversely. 

The density of a current at any part of its circuit is inversely 
proportional to the sectional area at that part of the circuit. 
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Curreritr density is generally neglected in the commercial appli- 
catioiiB uf electricity. The circuit fur commercial currents is 
homogeneous and is composed of good conducting material. In 
clectrollieraireutics, the circuit traversed by the current is com- 
plex — formed of conductors (rheojihores, electrodes, and the 
human body) whosi,'cro58-eoction and conductivity differ widely; 
tlie density in therefore different in each of these parte. The 
importance, in electrodiagnosis and in el uc troth erapeuUcs, of 
the current- density is only second to that of current- intensity. 
The current-intensity is always indicated in absolute unite by 
the iniJliammeter i[itercalati.'d in the circuit. If, now, we know 
the surface' area of the electrode, the current-density is expressed 
by a fraction whoso numerator and denominator are the current- 
intensity iiiiil the surface area of the electrode, respectively, or 

current-intensity . , 

, ,, , ,- current -density. 

Kurfuce arwi i)f electrode "^ 

I'lace two eleclrodfs lOand 30 s<juare centi- 
meters in area very near each other on the 
flexor surface of the forearm so that they can 
l)e connected, now one, now the other, with- 
the negative pole of the direct current while 
the indifferent elui'trodc is iilaced on the 
sternum. With the electrode of 10 square 
centinieters in circuit, alldw 'i iiiilliiunpereB 
to pass. We niiiy now suppose that these 
;i milliaiiipercs represent I,0(XI lines of flow, 
or llu.\ lines, and that they pass through the 
electrode of 10 square centimeters in area and 
tlie subjacent skin. Now place the electrode 
of 30 square centimeters in circuit and allow 
tlie same current-strength to pass; the 1,000 
tliix hnes represented by Iho current-sf renglh 
will s])read out over three tinu'S the surface; 

the current has, in the first instance, three times the density 

of the second current. 




15. Krb has contpared the lines of How of an electric current 
to a girl's loose hair, which may be gathered into a thin coil 
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will lout changing the number of hairs, Pig. 1. Tn anarrow con- 
ductor, Fig. 2, these lines of flow are Btraight lines from pole 



jimimmma^ 



to pole. The (lotted lines in the figure are lines of cijiial poten- 
tial. LineH of efjual potential, in this case, of electricity, are 
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alrea<ly iinderstooil when it is known that they are anaiogiviif 
to the edges of the steps of a stairciiao down which a wain 




current is flowing. It is assumed that the ii!id<lle step is ?. 
or at the level of the earth. 
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In a wider conduotor, Fig. 3, all the flux lines with the 
ex(teplion of tlu* central one tend to curve, as the potential 
lines must bo curved at right angles. When the current is 
passed through a large conductor like the human body, Fig. 4, 
the etjuipotential lines become arcs of small circles. The lines 
of flow traverse the conductor as before, crossing the equipo- 
tential lines at right angles. 

According to Erl), the subject of current diflfusion, or its 
converse, current conc(*ntration, constitutes the quintessence of 
elcctrothorai)eutic techniciue. The object almost always is to 
localize the current in a certain density upon different parts of 
the body, to determine the irritability of motor points and 
muscles in diagnosis, or to demonstrate the sedative properties 
of i\w current in therapeutics. This we can only do by having 
clear ideas as to current-strength and density. 

10. There are two very important (piestions in the appli- 
cation of electric currents in medicine and surgery, namely: 
(1) The size of electrodes to be chosen, and (2) the strength of 
current to be used. 

These two (|ue8tions are very closely related, since they form a 
fraction whose value is the current-density. On their answer 
depends wbetlier the i)atient shall or shall not be submitted to 
j)ain during an electtrical application, and whether he shall or 
shall not receive a burn followed by an indelible scar. It may 
be stated, as a general rule, that whenever there is really pain 
at the surfaces of a])plication of the electrodes (except in cases 
of hyi)erestbesia and alteration in the epidermis) it means that 
the current-density is too high and that the intensity should be 
reduced or the an^a of the electrode increased. 

Boudet calculated that the quantity of electricity that could 
piiss through an electrode having a surface area of 500 scjuare 
centimeters, without producing pain, during 10 minutes, w\as 
equal to about ^ horsepower. The intensity of the current was 
25 niiUiamperes, that is ^V niilliampere per square centimeter of 
surface. If an electrode having a surface area of 5 square centi- 
meters is used, and it is desired to use the same current-intens- 
ity, it will be found necessary to increase the E. M. F. in 



§6 



OF DIRECT CURRENTS. 



17 



proportion to the diminished size of the electrode. In these 
conditions the pain produced by the small disk electrode carrying 
25 milliamperes is so acute that it becomes insupportable. In 
these two cases the current-strength and the duration of appli- 
cation are the same, yet the local effects are entirely different. 
In the first case, there is hardly any sensation and only slight 
reddening of the skin; in the second case, there is acute pain 
and chemical destruction of tissues. The difference in local 
effects is due to two causes: (1) Increased E. M. F. necessitated 
by the increased resistance of the circuit; (2) increase of current- 
density at the surface of contact between the electrode and 
the skin. 

In the first case, there is -^j^ milliampere to the square centi- 
meter of electrode surface, and in the second case there are 
5 milliamperes to the square centimeter of electrode surface; in 
other words, the current-intensity per unit of surface is one 
hundred more in the second than in the first case. 

1 7. The following table prepared by Boudet is of especial 
value to beginners in electrotherapeutic work, as it gives the 
average value of the current-intensity per unit area of electrode 
surface that may, with safety, be used in electrical applications: 





TABT^E 

Density of 
Current. | 
Milliampere. Sqi 


2. 




Size of 

Electrode. 

Square Centimeters. 


Size of 
Electrode, 
lart" Centimeters. 

50 


Density of 

Current. 

Milliampere. 


1 


1.00 


1 


.20 


2 


.75 




100 


.19 


5 


.GO 




300 


.08 


10 


.47 




500 


.05 


25 


.30 









An examination of this table shows that the value of the 
electric density should diminish as the current-intensity 
increases. If an electrode having a surface area of 1 scjuare 
centimeter can be applied to the skin for 10 minutes with a 
current of 1 milliampere it does not follow that 20 milliamperes 
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C!an l)c applied to tho skin for the same time through an electrode 
having a surfac^e area of 20 square centimeters. In this latter 
case the pain would he intolerable and a scar imminent For 
a curniut-strongth of 20 milliarnperes, the electrode should have 
an area of 1(X) scjuare centimeters. Larat explains this anomaly 
in tho following manner: He considers each square centimeter 
separately and supposes that the sensory nerves of the skin are 
irrit^itod, not only in th(» surface of contact of the electrode but 
also for some distance from the periphery of the electrode. The 
added irritation of each additional square centimeter falls on 
tissues whose irritability is above the normal. There is a 
multiplication of elTects in each square centimeter added to 
tb(; surface area. 

The a])plicati(>n of this table in j)ractice is very simple. All 
electrodes should have their surface area permanently stamped 
on theui. When an electrode of a certain size is selected it is 
only necessary to refer to tlui table to see at once the current- 
density per unit area of surface. If the electrode selected has 
a surface area of 100 Sijuare cenlinieters, the current-density 
per square centimeter is . T.) niillian]j)ere. Multiplying these 
two factors together will giye the current-intensity to be used 
with an electrodt^ liaying a surface area of 100 scjuare centi- 
meters. This current-strength, according to Boudet, should 
not be exccf'ded during an aj)plication of 10 minutes. 



(OMPOSITION OF PATIKNT'S CIUCUIT. 

18. The j)atient's circuit is composed of a rheophore lead- 
ing from the positiye binding-post on the switchboard to the 
electrode (metal plate or disk covered with some absorbing 
material a]>plied to the patient's body), the patient's body, and 
another electrode, metal plate or disk with appropriate cover- 
ing, and the rheophore that leads to the negative binding-post 
on the switchboard. In analyzing this circuit with reference to 
resistance and current-density, we find that the current-density 
is greatest in the rheophores on account of their small sectional 
area; and that the resistance is least on account of the high 
specific conductivity of copper of which they are composed. 
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The conductivity of the electrodes, metallic plates or disks, is 
very good even when they are covered by amadou, chamois, or 
gauze thoroughly saturated with water. Indeed an increase in 
the number of layers of chamois or gauze increases the con- 
ductivity of the electrode by retarding evaporation. The 
density in the electrodes due to their increased surface area is 
considerably less than in the rheophores, but still is greater 
than in the patient's- body. 

The density in the patient's skin in inimediate contact with 
the electrode has the same value as that in the electrode itself. 
This density, therefore, varies with the density in the electrode 
applied to the patient. It is in this part of the circuit that the 
current encounters its maximum of resistance. The skin forms 
in itself the largest part of the total resistance, of the circuit. 
The greatest expenditure of energy is always at the point of 
greatest resistance; therefore, the greatest amount of electric 
energy in the circuit is absorbed by the resistance of the 
skin, and if we desire that a suflicient (quantity of current 
penetrate to the deeper organs of the body, we must use a 
considerable (quantity of current and diminish as much as pos- 
sible the loss of energy occasioned by the skin. In order to 
accomplish this we nnist use currents of high intensity and 
electrodes of large surface. 
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APPLICATION OF DIRECT CURRENTS 
TO THE 11U31AN BODY. 



1MIY8IOLOGICAL EFFECTS OF CURRENTS. 

11). The student having already learned how the direct 
current is generated, and how it is measured and controlled, we 
shall now descrihe the elTects produced hy the direct current 
when it is applied to the human organism. These effects may 
he divided into two classes: 

1. KITecls common to the human body and inanimate elec- 
trolytic conductors. These efT(\'ts are cutdjthoric and electrolytic. 

2. Uiologicnl elYects due to the human body being a living 
animal organism. These elTects are contnuiilc and elecirotonic. 

The physiological elTects will be totally dilTerent, depending 
on th(; manner in which tlie current is permitted to tlow in the 
patient's circuit. The current may enter the patient's circuit 
gradually, with slight variations until the riMpiired intensity is 
reached; this intensity is maintained for 5 or even 15 minutes 
according to indications, when the current is gradually with- 
drawn. This is known as the steady ilow of the direct current 
and is characterized by electrotonic, cataphoric, and electrolytic 
eiTccts. The maximum intensitv may be suddenly attained 
and as suddenly return to zero. This is the interrupted tlow of 
the direct current and is characterized by ct)ntractile effects. 
These variable periods of current ilow, sudden production of 
maximum intensity, and sudden return to zero, are named 
oi>ening and closing i)eriod8. 

The eflects produced by the steady How of the direct current 
will vary with the electrodes used and will depend on whether 
the electrodes are covered or bare, protected by chamois or 
gauze, or having the metal surface of the electrodes in contact 
with the nmcous or cutaneous surface, or plunged directly into 
the tissues of the body. 
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The physiological effects of the direct current are best studied: 
(1) On motor nerves and striated muscles; (2) on sensory 
nerves and nerves of special sense; (3) on vasomotor nerves; 
(4) on. the pneumogastric and sympathetic nerves; (6) on 
non-striated muscles; (6) on brain and spinal cord. 

20. Action of Direct Currents on Muscles. — If a 

direct current of a certain density is applied to a muscle the 
muscle contracts. This is known as direct muscle stimulation. 
If a direct current of a certain density is applied to a motor 
nerve, the muscles supplied by this nerve contract. This is 
known as indirect muscle stimulution. Muscular contraction 
does not continue during the whole time that the current 
flows through the nerve or muscle; it occurs only (1) when 
the current is made; (2) when it is broken; (3) when the 
current-strength is suddenly increased; (4) when the current- 
strength is suddenly decreased; (5) when the current direction 
is suddenly changed. 

It is, therefore, not the absolute value of current-density in 
a given moment that excites motor nerves and muscles, but 
rather the rapid change in density. A study of the different 
excitants of nerves demonstrates that it can be admitted as a 
general law that: Excitution is above all a function of the rapidity 
of variation of the potcaCud of the exciting agent. The effects pro- 
duced on motor nerves and muscles bv variation in current- 
density. depend on (1) the current-strength, whether feeble, 
medium, or strong; (2) current direction, whether ascending 
or descending; (8j whether the current is made or broken. In 
experiments oiianimals, Plliiger has very thoroughly investigated 
these different features and formulated the following laws: 

1. Weak Cunents. — Weak currenti> produce contractions in 
both current directions, but on closure onlv. The irritation on 
opening is too feeble to produce n)uscle contraction. 

2. Medium Currents. — Medium currents produce contraction 
in both current directions, both on opening and closing. 

3. Strong Currents. — Strong currents produce contraction on 
closing with the descending current and on opening with the 
ascending current. 




22 TECHNIQUE AND PHYSIOLOGY §6 

2 1 . Kxnluimtlon of Pflu{<er'8 Jmwb. — To underatand 

the contraction laws of IMluger it iH neceBSury. to know what takes 
place in the nerve when these currentn of different strengths and 
<lifTerent directions are ilowing through it, and also what takes 
place when the currents are made and hroken. Fig. 5 is a 
^^ schematic representation 

^^^^^^^^^ of motor nerves and mus- 

■ ■■ ■ n I n i— i^iii^^^^^^^^^^^ I cles in which (a) repre- 

^^^^^^^^ sents a descending cur- 

rent, that is, a current 
flowing in the direction 
of the nerve-current from 
center to periphery; and 
(h) an ascending current, 
^'*" ^- that is, a current flowing 

in a direction opposite to the nerve-current, or from periphery 
to (.viitt-r. 

In the cxpcrimt'iit?? on the frog iiotli eUrtrodes are placed on 
th<' hare nerve. When a dirt^'t current is applied to a nerve it 
changes ))otli the irritahiiity and the <'«>n<hietivity of the nerve. 
In the neighborhood of the an(KU\ the irritability is decreased 
and in the neighborhood of tin' cathode the irritability is 
inereiised. Tliis changed condition of the irritability of a 
ni?rve, while a direct current is i)assing through it, is known as 
elect rotonus. The iniTcased irrita))ilitv beneath the cathode 
is calhMl <*atclectr<)toniis and the decreased irritability beneath 
tlie anode is called anolectrotonus. The difference between 
anelectn ►tonus and catelectrotonu>5 varies with the current- 
strength and continues while the current flows through the 
nerve. The stronger the current the stronger will be the differ- 
ence in irritability. The changed irritability of a nerve during 
the passage of a direct current is <lenionstrated l)y having a coil- 
current act on the nerve while the galvanic current is (lowing 
through it. It will be found that in order to produce a muscular 
contraction with the coil-current apjjlied to the anelectrotonic 
area, it will be necessary to advance the sec<Midary much farther 
<>ver the j)riniary than is reijuired when the coil-current is 
applied to the catelectrotonic area. 
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A nerve is said to be stimulated when its irritability is 
increased. Stimulation of a motor nerve contracts the muscles 
to which it is supplied. Anelectrotonus diminishes the irrita- 
bility of a nerve and does not contract muscles. 

22. On closing the direct current, catelectrotonus at once 
appears beneath the cathode and produces muscular contrac- 
tions. This occurs in both current directions and for fee))l(^ 
and medium currents. On every opening of the direct current 
there is a sudden change in the relation of nerve irritability; 
the increased irritability at the cathode disappears and is 
replaced by a momentary condition of decreased irrita))ility, 
the cathode therefore produces no contraction when the current 
is opened. At the anode, however, anelectrotonus appears and 
there is produced a momentary increase of nerve irritability 
(negative modification). This disappearance of anelectrotonus 
and the momentary nc^gative increase of irritability produces 
muscle contraction; but the nius(;le contraction produced by 
disappearing anelectrotonus is not nearly as strong as that 
caused by appearing catelectrotonus. Appearing catelectroto- 
nus is therefore, according to the experiments of physiolr- 
gists, a stronger stimulus than disappearing anelectrotonus or 
negative increase of intensity. With weak currents the stimulus 
caused by opening the current (disaj^pearing anelectrotonus) 
is not sufficiently strong to produce muscular contraction; 
we get therefore contraction only on closing and in both 
directions of current. In currents of medium strength the 
stimulus caused ))y o[H'ning the current is stronger and causes 
contraction; for medium currents, then^fore, contractions are 
produced at opening and closing and in both directions of 
the current. 

With strong currents the irritability beneath the cathode is 
very much increased and the irritability beneath the anode 
very much decreased; it is practically lost and the jmrtion of 
the nerve beneath the anode has lost its capacity to convey 
electric currents (physiological section). With a strong descend- 
ing current on closing, appearing catelectrotonus produees power- 
ful muscular contraction. On opening with a strong descending 



TECHNIQUE AND PHYSIOLOGY 



86 



(liHapprflrinf! anelcctrotonuB acte, but in order to reach 
• it niuftl pOKB through the catelectrotonic area, which 
is momentarily in a 
condition of nf^tive 
modification and un- 
able to conduct the 
opening BtimuluB to 
the muscle, hence 
therp ifl no contrac- 
tion. For strong as- 
cending currents the 
stimulus on closing is 
appearing catelectro- 
tonuK, but this cannot 
reach tlio muscle on 
account of the phj'sio- 
Ingicnl section caused 
in- the anode, hence no 
nintntction. On open- 
ing; the stimulus is 
of anelectrotonus that 




rKiificaliiin 



'the momentary iiegativi 
cavities Jiitisi-ular i'i)iitra<'tii>ri. 

An iiiialycis rit I'lUiiret's tinvs teaches that oxeitntion (mus- 
■ nlar cunt ract inn ) taken place mi current rise at the cathode and 
<in current fall at tliii anode. Tlie stinnilus is therefore polar, 
and it is alivays ani)die on openinj; and ealhodic on closing. It 
furUier teachi>s that the action of the juisllive ixde, anelectroto- 
nus, can he m stmnp that it destroys ninmentarily both the 
conductivity and the irritability of the nerve, bonce the phe- 
nianena obscn'cd in using strong currents as studied in Pfliiger'e 
third law. 



MOTOR-NERVE REA<mONH. 

23. Motor Nerve of Man. — The responBe of a human 
motornerve to electric stimulation is somewhat more compli- 
cated than that of the nerve of a frog. The cause of this differ- 
ence is found in the different physical conditions of the nerves 
at the time the electrical test is made. The human nerve is 
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covered by the skin, and is imbedded in tissues having higher 
conducting powers than it posee^ees. Muscular tissue is a much 
better conductor of electricity than nerve-tissue. The result is 
that the electric current, in obedience to the law of divided 
currents, takes the path of least resistance. Directly on enter- 
ing the nerve, it leaves and passes along the surrounding better 
conductors. When, therefore, a current is applied to a human 
nerve, two zones of opimsite signs are produced beneath each 
electrode. Fig. 6 illustrates the various zones produced by 
the bipolar application of a current in the human subject. In 
order to avoid this con- 
fusion of zones, but one 
electrode is placed over 
the nerve in uiakiiig-an 
electrical examination 
of the human subject. 
The other, or indiffer- 
ent, electrode is placed 



on the sten 



, the 




nape of tlic neck, nr 
some other convenient 
part of the body. The 
sternum is the ]iail 
usually selected. On 
acconnt of the <Ul- 
fusion of tim ciirrent, 
its direction is imt cnn- 
sidereil. An exauiin:i- '" '' 

tion of Fig. 7 will show that beneath lh<- electrode the current 
has four dilTcrent ilireetious. Tlie plLysLilopst with both elec- 
trodes on the bare nerve of a frog obtains Iku conlraeti(ms, viz., 
CC, and .1 O. When aTi electrode is jilaced over a human nerve 
and a current pnsses, it produces beneath and immediately 
around it two zones of opposite signs. Immediately lieneath it, 
and of the same sign as the applied electrode, is the polar zonr. 
Around this, anil of ojiposite sign and greater area, is the peri- 
polar ztme. Each actual pole applied to the nerve produces two 
virtual poles of opposite signs. One electrode applied to the 
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motor nerve <»f man produces two zones of different irritability 
and density, the appearance and disapj>earance of which cause 
muscle-contraction. Each p(>le of the current produces two 
contractions, one on closing and the other on oi>ening. 

These znnes are shown in Fi^^ S. In this figure, the anelec- 
trotonic zone is represented hy vertical lines and the catelectro- 
tonic zone l)v horizontal lines. 




ffiff' M ' ; ' 




Fl«,. s. 

2 1. Test for Klrctrical lleai^tlon. — To test the electrical 

rca<'tinn (.f the niot(»r nerves of man, it is necessary to have 
a hattcry of twenty <'clls in ^xood work in^^ order, with milliam- 
meter, rheostat, and (M)nimiitator in circuit. The electrode 
slionld l»e provided wjtli a contrivance for interrupting the cur- 
H'nt; a >uital»lc electrode-handle for this purpose is shown in 
Vi*i. \K The standard electnMJrs of Krl), illustrated in Fig. 10, 
are irenerallv used. Thev are covered with a wash-leather and 
thorou<rhlv saturate(l with a solution of hicarhonate of 
soda in water, 1 teaspoonful to the pint, l^ach time the elec- 
trode is a])])lied it should he dipped in the soda solution. With 




Vui. 9. 

the catliode on, say, the ulnar nerve, and the anode on the 
sternum, ascertain the number of milliamperes needed to pro- 
ducts a minimal contraction on closing the circuit. Witli the 



commutator change the polarity, and ascertain the number of 
milliampen^s needed to produce minimal contraction on opening 
and closing with the anode. The peroneal, the facial, find the 
spinal accessory neryes may be examined in the same manner. 
C!athodic closing contraction is always the first to appear. 
With a current twice as strong, anodic closing contraction is 
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produced. Next in tlie series, and with a current a little 
stronger, comes anodic opening contraction. Tiie last contraction 
to appear is on opening with the cathode, when cathodic open- 
ing contraction is produced. The current- strength necessary to 
elicit cathodic opening contraction is generally painful. 

Different observers give different current- strengths for the 
production of minimal contractions at opening and i lo'iuig with 




,' piirruiit-strfnulhs. j-iven by 
■I ;is those usually r(.-t[uirt.'d; 
CI,— 2.0(nil]iani]ure3. 
A (\— ^ Omilliaiuperes. 
AO — 3..!i luillianipvrcB.' 
CO — l.'^.O niilHaniperes. 
These (Ifjurfs were iiljluinud from trsts on the ulnar nerve. 
A very simple experiim-nt that one can easily ui:tke on hiin- 
selt will coiilirni tlie duta fjiveii i)y Verlmot;en, Wit in a bath 
that represenla one pole of the battery and apply the other, or 
active pole, to the forearm helii out of the water. In this 
way polar action is completely dissociated and tlie eneigy of the 
contraction is approximately estimated. In these conditions it 
will be found that with a current-strcngUi varying from 1 to 3 
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inilliampere«>, muscular contmctioii is prmluced by closiog thi 
drcuit with the negative electrode; while clusiiig with tba9 
positive electnxle iintl o|>eDiiig with the ni-giitive cauao do con- 1 
traction. With currents increasing from 3 to 5 luillinnipere 
up to tlie |>oint of toleration, contractions nppear ;it the poaitivA^ 
pole on opening and closing ami increasing in energy without J 
ever equaling the contraction produced hy closing with ths i 
negative. With a very strong current (above 15 milliamperes) | 
there is tetanic contraction at cathodic closure, a contraction at 
anodic closure and aiin.lic upeiiiii^;, and a slight contraction 
at catbodic opening. 




25. Noriuul I'olur Funuiila.— The first contractioD i 

the series ia always on closing the circuit with the cathode, i 
the lust on opening with the cathode, anodic opening i 
closing contractions appearing with intermediate curr 
strengths. The following is the normal polar formula I 
healthy motor nerves: 

CC,>AC,>A0>CO, 
in which C = the cathode; 

A = the anode; 

= the opening; 

C, = the closing. 
Fig. 11 explains the order of appearance of these diflerent 
contractions. 



§6 



OF DIRECT CURRENTS. 



29 



Physiology teaches that appearuig catelectrotonus is per se a 
stronger stimulus than disappearing anelectrotonus. The cur- 
rent-density is always greater in the polar than in the peripolar 
zone. The density of a current varies directly as its strength, 
and inversely as the area of its cross-section. Thus, beneath 
an electrode of 2 square inches the current-density would be 
twice as great as beneath one having a surface area of 4 sijuare 
inches, the current-strength remaining the same. Cathodic 
closing contraction is caused by the stronger stimulus (aj)pear- 
ing catelectrotonus) in the polar zone, or zone of greater lurrent- 
density. This explains why it is always first in the series. 

26. Anodic closing contraction is produced i>y the greater 
stimulus (catelectrotonus) in the peripolar zone, or zone of 
lesser density. Anodic opening contraction is a weaker stimu- 
lus (disappearing anelectrotonus) in a polar zone. Cathodic 
opening is a weak stimulus in a ])eripolar zone. Opening con- 
traction for both poles is intluenced by the duration of current- 
flow. The longer the circuit through the anode is closed on 
the nerve, the deeper the condition of anelectrotonus produced 
and the stronger the stimulus on opening. Tbe coniUuting 
power of the nerve is diminished in the aneleetrotonic areas, 
and may, by sullicienlly strong currents, be eompletely sup- 
pressed (physiolo«j:ical section). Voltaic alternations stimulate 
a nerve more tban simple interruptions, because tbe stimulus 
falls on tbe nerve with its irritabilitv increased. Tbere is in 
each voltaic alternation a summation of cathodic and anodic 
stimuli. 

TABJ.K a. 



Position 

of 
Electrode. 



cc\ 

A t\ 
A O 
CO 



Nature of \ Situation of 
Stiniuhis. Stimulus. 



Result Obtained. 



Cathodic 

Cathodic 

Anodic 

Anodic 



Polar Itet stimulus in best region 

Perij)olar ; Best stimulus in worst region 

Polar I Worst stinmlus in best region 

Peripolar • Worst stimulus in worst region 



I i : 



I ' .'^i.v V .<>- : 
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\\\ s*\\U\ lo iiKiko clearer the varying current-strengths 
u<*i;:ii\«l Ml rlu'iiini: \hv muscular contractions of the normal 
p.'l.u i.'iiiMiKi, Mini also the onlcr of their appearance, the 
i.i''!v v'li I 111" privi^iiiii: pagt» is given. 

1 1 i1'.;n mMt i> Ntihl it'll ill ron junction with Fig. 11, the 

h^mum! jM«l.i! t.>r!nuia \\ill l»c readily understixxl and easily 

I, m» r''* !t vl lir i-.»li:mns of this table are read as follows: 

III t!'r ('(' ilu' ratine «>f >tiiuuliis is cathodic, the situation of 

I »! : ',.- ;h j...' 11 . iIm- v'vMitrarlion is therefore caused by the best 

-7. 1»» u.»ii;..il ii.ii^vir< aiul nerves, cathodic closing con- 

i! ui .»' !- :!'.r :";:^*. t.* .ipprar. then comes anodic closing and 

r ..1:, viM i;:: :• r- ' 1 1 .u nt»ii> . iu ilu' majoritv of motor nerves 

: -,!i-. .11 -/iiv 1 1 ^inu cv»iitrai*tii>ii eomt»8 first); as the 

V .: i:.iv r..»:: lia> no practical significance, the 

' ■. •.'.'.•: - .-! !; ,'..■: i)t r\ t < an«l muscles may be briefly 

t :'.\\- W :ii. \\.i- >;mu' current-strength, cathoilic 

I'LL u .N :.'!!:. il'.y ^tronircr than anodic contrac- 

I ! ,• I •: • v'l i: r v.»:n\uu.«n produced by stimulating a 

. \ .:> ' V t ■'; |»v»rtai;n . Tlic contraction is quick, 

. I .-s s-Milt.iiM x>5:> with the opening or closing 

■ ,■ ■,■■. I' vv/.-i- \:;'.:i:r<lLitrlv with the variation in 

.1 \ \ ,[ I'l.'ii-.i.'i .i ii. an. I tilt' iiniscle returns at once 

.■ .'■ '..i-.-i riic V urrrnt may continue through 

I \y\.\\ il.'u. vft ihr uiumU' remains quiet. It 

.■■ . • . \\ V \ * ■ . ilsit iN.'U \\\\\\ weak currents there is 

. . n v! ti:i;-M :»->. It i> »»nly wlicu using very strong 

. >i ■. .: .iiiu lei.iniLs i> produced, which lasts during 

i' . iiiuni js ilv»\\iim through the nerve or muscle. 

w 11 »»i n-aiai .stnngth the muscle remains in a 

. ■..I. Im III. I lie .steady How of current. The contrac- 

. .'. I. in iv'jin ou ilinrt stimulation of the muscle. 

I i!., mu-i ular I'oiitraction is important when the 

... mil vie i> in qiu»stion, as will be seen when 

. i.ii.aioii ih considered. 
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EFFECT ON SENSORY ITERVES. 

28. Characteristic Reactions. — Nerves of sensation and 
nerves of motion respond to electric stimulus in much the same 
manner. A motor nerve when stimulated by an electric current 
causes muscular contraction. A sensory nerve will respond by 
sensation beneath the electrode, and in the area of distribution 
of the sensory nerve. A nerve of special sense will respond 
with a sensation corresponding to its specific function. The 
gustatory nerve responds with a sensation of taste, the optic 
nerve with a sensation of light, and the auditory nerve with a 
sensation of sound. Althaus states that he perceived an odor 
of phosphorus on stimulating his olfactory nerve. Tlie cathode 
is more irritating to sensory nerves than the anode. In making 
an electrical examination of a sensory nerve, it is best accom- 
plished by selecting a nerve without any motor elements. To 
obtain the normal formula of sensory nerves, the supraorbital is 
usually chosen. The galvanic current causes a sensation on 
each opening and closing of the current, and also during the 
continuous flow. With a weak current there is a sensation of 
pricking, which l)oconH\s burning on increasing tlie current- 
strength; while very strong currents produce pain. Part of 
these sensations is '"aused bv the action of the current on the 
sensory nerve, and part is produced l)y the electrolytic action 
of the current. 

20. Test for Uoaction of SiMisory Xcm'vc. — To test 
the galvanic! reactions of a sensory nerve, })lace one electnxh', 
well moistened, on tin; sternum, and the otlier small, or active, 
electrode over the nerve to l)e examined. (Jradually turn on 
the currcMit throUL^h the rheostat, closing and op<'ning tlie 
circuit. ()bserv(; when the lirst sensation is produced. This 
will always b(^ found to be on closing the circuit with the 
cathode. On increasing the current-strength with the anode 
over the nerve, there will be produced sensation on opening and 
closing with the anode. A stronger current is recpiired to 
produce cathodic opening sensation. The normal polar formula 
for sensory nerves is therefore the same as that for motor 
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nerves, namely, C(\^> A (\> A 0^ C 0. Each interruption 
of a farad ic current producers a sensation like that of a galvanic 
niak(» or hreak. With the galvanic current, the severity of the 
sensation increases with current- strength. The same is true of 
the fara(li(» current. The greater the electromotive force and 
current-strength, tlie more })ronounced will he the resulting 
sensation. With slow interruptions the individual shocks do 
not hlcnd. When there are 100 or more interruptions per 
second, there is a henumhing or anesthetic effect produced in 
the nerve. A rapidly and smoothly interrupted farad ic current 
henunihs the nerves and abolishes pain. Below 1,000 interrup- 
tions per minute, each induction-shock may he recognized. 
Sensitive points on the hody should always he considered, so 
that thrv niav hr avoided on electrical examination. 

o(). Distribution of Sensory Nerves. — The distrihution 

of a sensory nnve in a given area may he mapped out in the 
following manner: Mov(? a very fine eh^'trode with scarcely 
j)crc('ptil)le current-strength over the area to be explored. 
When the electrode is over a sensorv nerve, the current will 
at once appear to he stronger. The henumhing anesthetic effect 
(»f the rapidly and smoothly interrupted coil-current is much 
used in daily j)ractice. 

The dilTcren((; hetween tlu^ sensations caused hv the cathode 
and anode depends on the sizt* of the electrodes. If the anode 
is small and the cathode large, witli the same current- strength, 
the S(;nsation mider the an(Mle will l)e stronger tlian under the 
cathode. 1'his is due to tlie difTerence in current-density, on 
which the physiological activity of tlie current depends. The 
current-density varies directly with the current-strength, and 
inverselv as the surface area of the electrode. 

♦Jl. Optic Nerve. - The optic nerve reacts quite easily 
to the galvanic current. A weak current j)assed through almost 
any part of the head causes Hashes of light. The faradic 
current acts hut little, if any, on the optic nerve. To obtain 
the reactions of the o])tic nerve, place the indifferent electrode 
on th(i nape of the neck, and the small active electrode on the 
closed eyelid. The electrode represented in Fig. 12 is used 
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to determine the reactions of the optic nerve. Through the 
rheostat gradually turn on 1 or 2 milliamperes, and open and 
close the circuit. Have the person examined descril)e the sen- 
sation that he perceives. Cathodic closing will produce the 
first sensation of light. The sensation produced by Cathodic 
closing and anodic 
opening is qualita- 
tively the same in 
the same individual. 
If cathodic closing 
produces a reddish 
light, anodic opening 
will also produce a 
reddish light, hut in 

a feebler degree. Cathodic closing and anodic opening stimuli 
fall in the same area (])olar area), and tlms produce the 
same sensations. Cathodic closing is pei- se stronger than 
anodic opening, and both of tliem are polar stimuli. Anodic 
closing and cathodic opening stimuli produce in the same 
individual the same color of light. Thus, if anodic closing 
produces a sensation of l)luish liglit, catliodic opening will ]>ro- 
duce the same color. They arc })oth stimuli in the ])orip(^lar 
zone. Cathodic o])ening and anodic closing produce (jualita- 
tively the same sensations. They l)(>th fall as stimulants in 
the same area, viz., the peripolar zone. The normal polar for- 
mula for the oj)tic nerve is as follows: C (\ > A (\ > A O / O (). 
It is not yet known whether these sensations are produced by 
stimulating the oj)tic nerve or the retina. 

32. Test for Reactions of Auditory Xervo. To test 
the reactions of the auditory nerve, place a medium-sized well- 
moistened electrode over the tragus, and the other indifferent 
electrode on the nape of the neck. Turn the current on 
gradually through the rheostat, making and breaking it to 
obtain the polar reactions. The reaction of the auditory nerve 
is more diflicult to eli(^it than are the reactions of the optic 
nerve. A greater current-strength is neede<l, and this often 
produces disagreeable cerebral symptoms. The auditory nerve 
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n-acts acconling to tlio formula of the physiologist. It responds 
only to polar stirmili. Thon* is a sensation of sound on closing 
witli (1h' rathcxh*, and, if the current is strong, the sound con- 
tinues (luring the Wow of the current. The anodic opening 
sound is sliort and fcrlilc. The normal formula for the auditory 
nerve is ('(\ sound, cp ( P meaning duration) sound, and AO 
f(M'hl<^ sound. The auditory nerve gives the polar action of the 
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])h\ ' i(»l<»;/i.;il rx jn'riniriit (»n the sciatic nerve of a frog. It 
r<sjK)i,ils lo <;it lii).li<' (•l(«-iiii: and nn<>(li(^ opening. This is due 
to tln' :in:it(»iiii(';il ]H.siiir»n nf the nerve, Tt is surrounded with 
hoiic, ;ind hoiK- (Imcs not ('(uiduet eltM'trieitv as well as a nerve. 
if there is :i peripolar zone, the eurrent is then so weak that no 
r<':ietion i- prnduee<|. Tlir .'lectrodes represented in Figs. 13 
and 1 1 :ire \\>td in testinii the reactions of the auditory nerve. 




r>»>, liniK)rtnn<*(» of Aii<litory-X(M'vo Kenetions. — The 

reactions of the nuditorv nerve an* verv important from a ther- 
apeutic ]»oint of view. Tinnitus is a symptom of a large num- 
l)er of aural allections, and is amenahhi to treatment by the 
el(»ctric eurrent. If the anode or eathodi* modifies or arrests 
the sound during the aj^plicaticm of the current, tlie prognosis 
is favorable, and the treatment should he continued. In 
diseased irritahh^ conditions of the auditory nerves, the 
reactions are much easier to obUiin. 



§6 OF DIRECT CURRENTS. 35 

• 

34. Gustatory Nerve. — This nerve reacts readily to the 
galvanic current. Flushes of light and galvanic taste are the 
usual accompaniraents of every galvanic application to the head 
and neck. Place one electrode on each clieek, and turn on the 
current through the rheostat. Sensations of taste are ex])(M'i- 
enced at hoth poles. The sensation is more marked at the 
anode than at the cathode. At the anode tlie taste is metallic; 
at the cathode, salty. The difference in taste at the two poh*s 
is so marked that it is easy to determine which is the anode and 
which the cathode. The sensation of taste continues during 
the passage of the current. It has not yet heen determined 
whether this sensation of taste isdue to the liherated acids and 
alkalis at their respective poles, or whether it is due to the 
action of the current on the nerves of taste or on the end-organs. 

35. Olfactory Nerve. — The current-strength necessary 
to stimulate this nerve produces disagreeable central symptoms; 
such as flashes of light, vertigo, and nausea. For this reason 
the responses to stimulation of the olfactory nerve are diilicult 
to observe. Ritter describes oi)einng and closing sensations, 
and also sensations during curr^-nt-llow. Althaus perceived a 
phosphorus- like sensation wlicn his olfactory nerve was stimu- 
lated with a galvanic current. 

In all applications of electricity to the head and neck, special 
care is necessarv to avoid disatrreeable accidents. Tlie current 
should always be turned on gradually through the rheostat, 
and turned olT witli the same care and in tlu; same manner. 
Do not change polarity during How of current. (Iradually 
reduce the curn.*nt to zero, and then change the j)oles. When 
the current is ap])lied to regions covered with hair, the hair 
should be thoroughly njoistened, to diminish resistance to 
the current. 

V ASOM ( )T<)U K FFKC TS. 

30. The direct current applied to the human organism 
determines in an incontestiible manner, modification in tlu; cir- 
culation hy incrcasnig it^ activity. The vasomotor disturbances, 
always disclosed beneath the electrodes when using a current of 
moderate intensity, are proofs of this action. Galvanization is 
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frequently followed V)y an increase in arterial tension. The 
heniosUitic eiTecU^ of the direct current are, to a great extent, 
due to the vasomotor action. 

Thu vasomotor efTects beneath the anode and cathode have 
been known for a long time. When the direct current is applied 
to the skin in a moderately high density, there appears after a 
f(?w minutfs' duration, a manifest redness at both poles which 
may last for several hours. If the electric density exceeds that 
which is permissible to use in electrotherapeutic applications, 
there appear, in places, circles of a greyish color that soon 
develop into vesicles. 

The vasomotor efTects are not the same at both poles. The 
exact measure of these elTects was determined by Bordier by 
means of a spivial electrode invented by M. Bergoni6. A ther- 
mometer was so placed in the interior of the electrode that it 
registered the variations in the tem])erature of the skin immedi- 
aielv beneath the <^lectro(le. It was found that the local eleva- 
tion of the temperattue due to the vasomotor actions of the 
current did not have the same value nor act in the saniemanner 
at the anode and cathode. The elevatiim of temperature was 
always greater at the anode than at the cathode. During the 
first minute the temj)erature increases at the anode ^° centigrade, 
whereas at the cathode durin*^ the same time, the temperature 
remains normal. These experiments agree with the observa- 
tions of Krl). For the next few minutes there is a gradual rise 
of temperattu'e beneath the cathode, which never attains, 
however, that beneath the anode. At the anode, according to 
Krb, an intense redness manifests itself almost instantly; the 
skin turns scarlet; after opening the circuit, the redness remains 
a long time. At the cathode there is frecjuently seen, in the 
beginning of current action, a contraction of the vessels and a 
|)allor of the skin, then a rose color; when the current is broken 
the skin becomes intensely red and remains so for a long time. 

♦J7. Sympathetic and Pneumogastric Nerves. — The 

action of the direct current on the sympathetic and pneumo- 
gastric nerves is very diflicult to recognize. In the usual method 
of operating on the exposed nerves, one nerve is acted upon 
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by electric stimulus while the other is divided in order to avoid 
reflexes. If the application is made percutaneously and in 
physiological conditions, both nerves are acted upon at the same 
time and it is impossible to separate the reactions of one from 
those of the other. 

According to Rockwell, the current-intensity used is of great 
importance; a feeble or medium current will often give results 
opposite to those obtained from a strong current. If in making 
a percutaneous application of the direct current along the 
vasculo-nerve trunks in the cervical regions it is not possible to 
separate reactions of individual nerves, direct-current applica- 
tions made in this region are of the utmost im])ortance on 
account of their influence on circulatory and respiratory 
phenomena. 

Beard and Rockwell have made a large number of investi- 
gations on patients to determine the actions of electric currents 
on the sympathetic and pneumogastric. The electrodes were 
placed one immediately below the mastoid process and the other 
immediately a[)ove the clavicle. They employed a current of 
5 to 15 milliamperes for 1 to 10 minutes and arrived at the 
following conclusions: (1) A slight feeling of drowsiness. This 
sometimes began to be perceptible shortly after the electrodes 
were applied, increased up to a certiiin point, and continued for 
some little time after the stance was over. In many cases it is 
not observed until the lapse of 5 or 10 minutes after the seance. 
This feeling, which was by no means constant, was usually so 
slight that it might not have been observed had the autliors not 
kept close watch on every sensation produced during the 
passage of the current, and also for some time afU^rwards. 
Some individuals are particularly susceptible to this soj>orific 
efTect of galvanization of the neck and go completely to sleep 
during galvanization. Larat remarks that this phenomenon 
ought to be very rare, as he never observed it. (2) A feeling of 
warmth throughout the system with sensible pers])iration. This 
was not a constant symptom, although it was often decided. To 
produce sensible perspiration usually requires a strong current 
and long appliciitions. This efTect was more marked in suscep- 
tible and nervous people than in the cold and phlegmatic. 
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(3) The pulse was soinetiines accelerated, but more frequently 
lowered, two, three, four, or more beats. To determine the 
effect on the pulse, examinations were made before and after 
electrization. Every j)recaution was taken to avoid error by 
allowing an interval of rest l>efore the sitting, in order to give 
time for the subsidence of the pulse to its normal condition. 
In cases of doubt the whole minute was counted, in some 
instances several times in succession. The patients experi- 
mented on were habituated to the use of electrical currents and 
accepted the applications with the greatest indifference. 

38. Beard and Rockwell also made experiments on them- 
selves and on students in order that these conclusions might be 
free from errors due to emotion. They arrived at the following 
conclusions: 

1. Both currents — galvanic and faradic — when applied in 
such way as to traverse the region of the neck in which the 
pneumogastrio and cervical ganglia of the sympathetic are 
situated, markedly alTcct the pulse. 

2. The effect is chiedy shown in abruptness of the systole 
and in abruptness of the diastole, and in shortening of the 
interval Ixitween the cardiac ini])ulse and the arterial impulse. 
In general it may be said that the force of the ])ulse is increased. 
Its rapidity may be either increased or diminished, according 
to the length of tin* a])plicati()n and the strength of the current, 
and analogy would lead us to believe that the effect must 
widely vary with the indivichial. The arterial impulse increased 
probably from the effect on the vasomotor nerves. 

8. The effect of general faradization was to prolong the 
svstole and the interval between the cardiac and arterial 
impulses. The abru|)tness of the systole that is so marked 
during and after faradization through the neck, was not so 
observed after general faradization. A calming, soporific influ- 
ence is very frecjuently produced by general faradization, and 
the effect in the pulse harmonizes with this observation. 

4. These effects on the pulse gradually pass away, but are 
distinctly traceable for a number of minutes after the electrodes 
are removed. 
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The effect of the current thus applied on the circulation is 
probahly a complex resultant of the effect of electricity on the 
pneumogastric, the sympathetic, the depressor, and the spinal 
cord. To differentiate these effects is manifestly impossible. 

39. Effect on the Striated and Non-Striated Mus- 
cles. — Striated muscles respond in the same manner to hotli 
direct and indirect excitation, that is, they contract. Tlie 
direct muscle stimulation is in reality a stimulation of the 
intramuscular terminal nerve filaments; therefore, indirect also. 
Each muscle-fiber receives at least one nerve-fiber, and the 
stimulation of these nerve- fibers causes contraction when 
the current is applied directly to the muscle. Muscle-tissue 
is irritable; that is, it responds to stimulation l)y contracting 
when deprived of its nerve-supply. To demonstrate the irrita- 
bility of a muscle it must be operated on after being deprived 
of its nerve-supply. Claude Bernard has done this by means of 
curare, and has demonstrated that muscle-irritabilitv is inde- 
pendent of nerve-fiber. Curare in medium doses does not alter 
the muscle, but it causes a dissociation of nerve from muscle: 
it alters the nerve-terminations, the motor end-plates. In this 
condition, if the nerve is stimulated the muscle remains immo- 
bile. Stimulate the nuiscle directly and it contracts j>erfectly. 
Muscular tissue itself, then, responds by contracting when 
stimulated without regard to nerve-suj)ply. It is not possible, 
however, in the living human body to excite the nmscular 
tissue directly and alone without the prior production of a 
j)athological condition. Tlie electrical reaction of motor nerves 
and striated muscles have been earefullv studied and the results 
accurately recorded, thanks to the graphic method employed in 
physiological investigations. 

The effects produced by electric currents on non-striated 
muscles, the visceral and sensory nerves, are measured by sen- 
sations and secondarv effects. Non-striated muscles act differ- 
ently from striated muscles when subjected to the influence of 
the direct current. Striated- muscles contract (juickly and ener- 
getically, and return at once to a condition of repose when the 
excitation ceases. When, however, the stomach, the intestines, 
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or the esophagus and other parts that are composed of non- 
striated muscle-fiber are subjected to the electric current, move- 
ments are not induced in them until a certain time after the 
tissues have been acted upon. The movement thus produced 
continues for some time after the current is withdrawn; it is 
wave-like in form, and does not, as in the case of striated 
muscles, at once return to its normal condition. The maxi- 
mum of contraction is obtained in non -striated muscles by 
means of the direct current regularly interrupted, or by means 
of the sinusoidal current of low frequency. 

40. Effect of tlie Current on the Brain. — The effects 
of the direct current on the brain depend upon whether the cur- 
rent is applied to the denuded brain or whether the current 
is applied percutaneously. The effects of electric excitation 
on the denuded brain have been very carefully studied by 
Vulpian, Hitzig, Ferrier, and M. Franyois-Franck and Pitres, 
and have been described by their graphic method. These 
authors use the galvanic and faradic currents and also con- 
denser discharges. The cerebral region under investigation 
was excited by means of a bipolar electrode. They arrived at 
the following conclusions: 

1. An isolated electric excitation of the cortical gray sub- 
stance produced a simple muscular contraction; a series of slow 
excitations produced dissociated muscular contractions. 

2. The same number of electric excitations per second is 
required to produce tetanus in the same animal whether the 
brain, the motor nerve, or the muscle is acted upon. By 
noting the time that elapsed between the central excitations and 
the muscular response and allowing for the latent period of 
excitation of muscle and nerve, these investigators calculated 
that motor excitations traveled at the rate of 10 meters per 
second. If the white substance beneath the cortical motor 
zone is stimulated, muscular contractions are produced exactly 
similar to those caused by stimulating the gray matter. No 
effects like these can l)e produced by the usual percutaneous 
application of electric currents. 

The reason for this is clear when we remember the ratio of 
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the specific conductivity of tissue. The brain is enclosed 
within bony walls and the resistance of bone is twenty timos 
greater than that of muscle and ten times greater than nerve. 
If a current of 10 millianiperes is applied percutaneously, the 
current that reaches the brain is extremely feeble, a fraction of 
1 milliampere. When, therefore, electric energy is indicated 
in the treatment of cerebral diseases, to apply the energy, it is 
necessary to reduce the resistance of the skin by using large 
electrodes thoroughly saturated with warm water and at the 
same time to increase the current-intensity. The current- 
intensity should be increased very gradually and returned to 
zero in the same manner. Current-intensities varvincir from 
40 to 50 milliamperes have been applied percutaneously to the 
brain in this manner with yery favorable results. In the per- 
cutaneous application of the direct current, or any electric cur- 
rent to the brain, it should not be forgotten that nerve-trunks 
and blood-vessels penetrate the bony walls of the brain and 
that these nerves and vessels are comparatively good conductors 
of electric currents. 

41. When a direct current is passed transversely through 
the brain, the electrodes being placed on the mastoid processes, 
the current divides into a large number of lines of flux, the 
major part of wliicli encircle the cranial vault, conducted by 
the extracranial soft tissue. Very few of the flux lines pene- 
trate the cranial walls. Per unit of surface the intcnsitv in the 
interior of the cranium is twenty times less than in the 
extracranial soft tissues. If, however, a feeble current is 
passed transversely through the brain from one mastoid j)rocess 
to the other, very decided dizziness is perceived, which con- 
tinues during the passage of the current. During the 
passage of the current there is a marked tendc^ncy to lean 
toward the positive pole while objects in view seem to move in 
the same direction. When one electrode is placed on the 
forehead and the other on the occiput, the ratio of extracranial 
and intracranial current- in tensity per unit of surface is the 
same with the same current-strength as when the current is 
passed transversely through the brain. When, however, the 
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current is passed in a longitudinal <lirection, it is accompanied 
l)y little if any tendency to vertigo. This is an important fact 
and should always bo thought of when an electrical application 
to the cerebrum is indicated. 

Confusion of thought, occipital headache, and nausea 
or vomiting sometimes follow the attempts at brain gal- 
vanization. Very strong currents have caused fainting and 
convulsions. 

Lowenberg states that brain galvanization causes contraction 
of the vessels in the cathodic area and dilatation in the anodic 
area. These statements, however, have not been confirmed by 
other observers. 

42. KfTeet of the Current on the Spinal Cord. — The 

direct cnrrent applied to the spine, with the anode at the 
nape of the neck and the (\ithode over the lumbar vertebne, 
will sometimes caus(i contraction in the thigh muscles as well 
a,s pricking, scald in<^ sensations in the legs. The effects pro- 
duced by electrics currents a]>]>lie(l to the sj»inal cord depend 
on whether the application is dire(^t (on the denuded cord) or 
indirect (throujjrii the skin and bony canal). Rigid cramp of 
all the muscles of the tnnik and cxtrennties follow electrization 
. of th(^ spinal c()rd when an electrode is })laced at either extrem- 
itv of the denuded cord. 

If the spinal cord l)e divided alnait its center and the lower 
half electrized, the nmseles of ihe lower or hinder limbs will 
contract. Jf the iipj)er half he electrized the muscles of the 
forelimbs will contract. Tiie ^pina] cord substance is therefore 
susce])tible of din^ct-curn-nt stiniulati(»n. 

In making electrical aj)|)lications to the spinal region, pcr- 
cutaneously, with a view of inlluencing the spinal cord, it, 
should be remembered that the; cord is enclosed in a bony 
canal, and that in order to cause a few nnllianiperes to traverse 
the spinal c(»rd it is necessary t<^ use large electrod(»s tboroughh" 
saturated with warm water and employ a curnmt intensity of 
at least oO milliamperes. The small hand electrode, using 
10 or 15 millianij)eres, is wholly inade<iuate. 
The possibility of the direct current inlluencing the (central 
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nervous system (brain and spinal cord) was for a long time 
denied. Through the experiments of Erb, Bettelheim, Burck- 
hardt, and von Ziemssen, we are now, however, certain that 
when we apply the direct current in the usual therapeutic 
methods to the central nervous system, part of the current, in 
obedience to the law of derived circuits, penetrates the bony 
walls of the cerebrospinal axis and passes through the tissues 
of the brain and the cord. If the brain or spinal cord is 
exposed and a direct current applied to it following the usual 
percutaneous method, part of this current can l)e obtained in a 
derived circuit formed by a galvanometer and two conducting- 
wires, the terminals of which are inserted in the substance of 
either the brain or spinal cord. Changing the direction of the 
principal current will change the direction of the derived 
current. 

Er^ECTUOI)IAC;N()8I8. 

4f}. Electric currents are frecjuently resorted to as an aid 
in diagnosing certain jjathological conditions and in determining 
important conclusions as to the probable duration and gravity 
of those conditions. Until (juite recently the use of electric 
currents in diagnosis and prognosis was limited to diseases of 
the nervous system. In 1<S79, Vigouroux introduced into elec- 
trodiagnosis the measurement of the electric resistance between 
different surfaces of the body. It appears established that the 
resistance between two electrodes j)laced on two different sur- 
faces of the body is sometimes increased and sometimes 
diminished by the existence of certain pathological conditions. 
Charcot regarded the diminution of electric resistance of the 
body as an imj)ortant symptom of exophthalmic goiter. 

The use of electric currents as an aid in diagnosis in gyne- 
cology is due to Aj)Ostoli. According to him a uterus that 
supports a direct current of from 100 to 150 milliamperes with- 
out reaction either during the operation or after it has healthy 
adnexa. We shall, therefore, consider electric currents ( 1 ) in 
the diagnosis and prognosis of diseases of the nervous sys- 
tem; (2) in diagnosis based on the variations of the electric 
resistance of the tissues; (3) in diagnosis in gynecology. 
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DISEASES OF THE NERVOUS SYSTEM. 

44. Fundamental Principles. — In diseases of the 
nervous system, electrodiagnosis is based on the abnormal 
electric reactions of nerves and muscles, the physiological 
reaction of which has been described: everv reaction of nerve 
and muscle that de})arts from these is j)athologic. The electric 
exannnation of nerve and muscle permits us to draw important 
conclusions on the probable duration of a disease, on its 
gravity and prognosis. 

The princi})al point in the technique of this method is to 
localize the current on the part under examination, and to avoid 
as much as j)0S8ible the excitation of neighboring nerves 
and niuhicles. Whether we are using the galvanic or faradic 
current in exploring nerves and muscles, the important point is 
to locate the current on the nerve or muscle under examination 
in order to prevent the confusion that would certainly arise 
from contractions of neighboring muscles should they be 
stimulated i)y current diffusion. 

45. Methods of Kxplorln^ Nerves and Muscles. 

There are two methods of exploring muscles, namely, mono- 
jKfldr and hipolar. The nu)no})olar method was proposed by 
Erb and the bipolar method by Duehenne. \\\ using the 
galvanic current in exploring nerves and muscles the unipolar 
method is to be preferred on account of the differentiation 
reijuirc'd in polarity. The electrodes must be widely separated in 
making galvanic tests in order to differentiate polar actions. In 
the method of Krb one electrode is large, the other is small and is 
})laced on the motor point of the nmsde under observation. 

The voltage of the galvanic current used in electrodiagnosis 
is low, twcnty-tive volts at most, and there is therefore very 
little current diffusion, the contraction being limiteil to the 
nmscle under examination. For the faradic current the con- 
ditions are changed; the voltage is a great deal higher and the 
current diffusion is conse<|uently greater. High voltage may be 
said to mean current diffusion. In order therefore to limit the 
faradic stimulation to an individual muscle the bipolar method 



§ 6 OF DIRECT CURRENTS. 45 

of Duchenne should be employed. Duchenne used two small 
pads of equal dimensions as electrodes and placed them a 
short distance from each other on the muscle under examin- 
ation. This is the only means of obtaining absolute precision 
in electrofaradic exploration. It was by this means that 
Duchenne was enabled to accomplish his great work in 
* 'Localized Electrization. ' ' 

46. Apparatus Necessary. — For making electrical tests 
of nerves and muscles a good physician's induction-coil and a 
direct current, either from a battery or dynamo, capable of 
maintaining a strength of current in the patient's circuit of at 
least 20 milliamperes will be required. Both the induction- 
coil and the direct-current apparatus must have some means of 
modifying the strength of the current (rheostat). The direct 
current must be provided with a pole-changer in the patient's 
circuit and a milUammeter for registering the strength of the 
current used; so far no convenient or practical milUammeter 
for measuring the currents of the induction-coil has been 
devised. The conducting-cords should be perfect and the 
active electrode, the one used to apply the current to the nerve 
or muscle to be tested, should be a break-circuit electrode so 
that the current may be interrupted at the will of the examiner 
without any other change being made in the conditions. 

47. Technique. — The patient should be so placed that 
the light falls directly upon him and the milliammeter scale, 
and he should l)e as easily accessible from one side as from the 
other. He should be instructed to take a comfortable posture 
and tlie muscle under examination should be relaxed. In the 
case of adults this will be readily obeyed, but with children 
there will be some difficulty. With children it is necessary to 
act with gentleness and perseverance. In many cases, to obtain 
precise results in cases of children it will be necessary to admin- 
ister an anesthetic. 

When the hands, arms, and face are to be examined, the 
patient is best seated on a chair with a high back and he should 
lie down when other parts of the body are to be examined. 
When the patient is in a sitting posture, the indifferent 
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electrode of 100 8<|uare contimeterp, well moistened with warm 
water, is placed on the back ])elow the neck. In this position, 
when the patient U^aiis back, a good contact is established 
l)etween the electrode and his skin. 

When the j)atient is in the recumbent posture, the indifferent 
electroile may be j^laced on the back or abdomen as conditions 
recjuire. The electrode is then connected by means of a rheo- 
phore to the bindnig-post of the electric source. The active 
electrode, with an interrupting device in its handle, is also 
thoroughly moistened and apj)licd as accurately as possible to 
the motor point of the nerve or muscle under examination. 

48. Faitidio Current. — The examination is always begun 
by testing furadic irritability. There is but one reason why 
faradic (turrents are used first in neuromuscular explorations, 
and that reason is of capital importance. When the faradic cur- 
r<Mit is used first in elrctrodiagnosis it very frecpiently renders 
unnecessary tlie more conj])licated galvanic explorations. If 
museles ropond in a normal manner to faradic stimulation, we 
may btj sure that tln-y will also respond in a normal manner to 
galvanic stimulus. It is very important to have this clearly 
fixed in the mind of the student, as it is one of the most 
important facts in electrodiagnosis and one of the distinctive 
features in the so-called reaction of degenerati(»n. 

The <*urrent from the coarse or medium coil is always used, 
and the slow interrupter is a<ljuste(l to about W interruptions 
))er minute. Th«- faradic examination is conducted in the 
following manner: TIm* active electrode is placed on the motor 
j)oint, n(;rve, or muscle; the rheostat at the beginning of the 
examination is at its maximum of resistance; the resistance in 
the rheostat is reduced little by little until the patient experi- 
ences a slight sensation due to the faradic current. On reducing 
the resistance in the rheostat still more a contracti(»n is produced. 
The minimal contraction having been obtained, the fjuantity of 
current necessary for its pnxluction should be n()te<l, and at the 
same time attention should be given to the (juality of the 
contraction in order t(» determine if there is any deviation 
froui the normal. 



§6 OF DIRECT CURRENTS. 47 

49. Direct Current. — By means of a switch the patient 
is now placed in the direct-current circuit. The most impor- 
tant consideration in the direct-current examination of motor 
nerves and muscles is polarity. The direct- current examina- 
tion is more complex than the faradic, and the responses 
obtained by it in various pathological conditions have greater 
diagnostic and prognostic significance. With the faradic 
current polarity is not considered; with the galvanic current 
the dissociation of polarity is an essential part of the 
examination. 

Place the active electrode, negative, on the motor point and 
gradually reduce the resistance in the rheostat and at the same 
time close the circuit, at short intervals, by moans of a device in 
the handle of the electrode. At one of these closures a contrac- 
tion will appear. This contraction is short, sharp, and well- 
defined, and as it occurs on closing the circuit with the cathode 
it is called aithodic chmmj contraction. The intensity of the 
current re<|uired to produce the contraction is also noted, and 
if it should be 2 milliamperes the results obtained are thus 
expressed: C C, = 2 milliamperes. 

Now, the circuit being kept broken by means of the inter- 
rupter, but with the te^sting electrode still on the motor point, 
the polarity of the current is changed and the active electrode 
is rpade positive. Reduce the current to zero and proceed as 
before, reducing the resistance in the rheostat and closing the 
current at short intervals until a contraction appears — anodic 
closing contraction. While the circuit is closed, again read the 
milliammeter. It may now read 3 milliamperes and is 
recorded tlius: A C\ = 3 milliamj)eres. In closing with th(^ 
cathode, 2 milliamperes were recjuired to produce a contraction; 
the cathodic closing contraction is therefore stronger than the 
anodic closing contraction and the fact is noted CC\ > A C\. 

With the electrode on the same motor point the current is 
now kept closed and the current-strength gradually increased, 
while the circuit is opened at intervals until a contraction 
appears. The milliammeter may indicate 5 milliamperes and 
the result is noted A 0^5 milliamperes. Anodic closing 
requiring only 3 niilliamiMjres, therefore anodic closing stimulus 
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is stronger than the opening stimulus; that is -4 C, > -4 0. In 
the case of some nerves, ^ is stronger than A C^ and some- 
times they are equal. 

With the circuit broken, reduce the current to zero and again 
change polarity, making the testing electrode negative. Now 
increase the current-strength to about 10 milliamperes and 
break the current by means of the handle in the electrode. A 
contraction may appear. This takes place at the cathode and 
on opening it is recorded C 0=10 milliamperes. Here the 
operator should be careful not to close the circuit until the 
current is again reduced to zero on account of the energetic 
contraction that would be caused by C C,. 

In every electrical examination there is a limit beyond which 
the intensity of the current should not be pushed. With an 
active electrode of 3 stjuare centimeters, and a current of 
5 milliamperes, the process becomes painful and serves 
no useful purpose. 

It has now been determined that the normal muscle responds 
to galvanic and faradic currents by a sharp contraction, 
and that with the galvanic current the muscle responds 
in four difTerent ways, which may bo fonnuhitod as follows: 
C Cj > ^1 (\ > A > (■ 0. It may be laid down as an axiom 
in testing neuromuscular excitability that abnormal reactions 
are always connected with alteration in the organ examined. 

50. Sumniftry. — The important factors in tlie technique 
of electrodiagnosis of diseases of the nervous system are: 
(a) The ap})aratus used should be in good working order and 
both electrodes should be thoroughly saturated with warm water, 
(t) Place the patient in a comfortable position and in a good 
light so that the region under examination as well as the scale 
of the milliammeter are easily observed, (r) The muscle 
under examination should be relaxed, (r/) In testing for 
faradic irritability, if there is difliculty in localizing the current 
on the muscle under examination, use the bipolar method of 
Duchenne. (e) Always begin the examination with the 
faradic current. (/) The main factor in examinations w^ith 
the galvanic current is dissociation of polarity; therefore, the 
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monopolar method of Erb is always employed, (g) Find the 
motor point (h) Detect the minimal contraction, (t) Observe 
the form of contraction, (j) With a thoroughly moistened 
testing electrode, pressure is for the most part unnecessary: 
contact is all that is required. 



PATHOLOGICAL. MODIFICATIONS OF NEXTROMUSCUI^ai 

REACTIONS. 

51, Anatomy and Physlologry of Motor Paths. — In 

order to make the pathological modifications of neuromuscular 
reactions easier to understand, we shall state briefly a few funda- 
mental facts in the anatomy and physiology of the motor paths. 
According to the doctrine of neurons (Waldeyer, 1891), the 
entire nervous system is composed of innumerable non-continu- 
ous units. These units are called neurons, and each neuron 
consists of a ganglion cell with its processes. These processes 
are of two kinds: (1) The protoplasmic processes or dendrons, 
constituting an integral part of the cell; (2) the axon, neuraxon, 
or axis process. There is usually only one axis process to a 
cell, but sometimes two. The axon, neuraxon, or axis process 
is the chief process. 

In the motor region of the cerebrum are the so-called pyram- 
idal cells. The protoplasmic processes of these cells are 
directed toward the cortex and the axons or long processes 
course downwards toward the periphery. They pass through 
the white substance of the hemispheres, through the posterior 
segment of the internal capsule, through the crus, the pons, 
and the medulla oblongata. Ninety per cent, of these axons 
cross over at the lowest point of the medulla, each one decus- 
sating with the symmetric fil)er of the opposite side. The 
crossed bundle forms the anterior pyramids and passes into the 
lateral columns of the spinal cord to fonn the crossed i)yramidal 
tract. At different levels of the spinal cord, according to whether 
they are to convey impulses to the muscles of the arms or of the 
legs, fibers take a horizontal course and pass into the anterior 
horn, where they split up into their arboreal endings. These 
arboreal endings, or end brushes, surround the large polygonal 
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cells in tho antorior horn and enter into connection with them 
by conta(*t. Eac^h pyramidal cell with it« processes is desig- 
nated a mitral motor neuron, 

52 • The poly<ronal cell of the anterior horn gives oflf 
numerous short processes, which have centripetal conduction, 
and a single long })roces8 or neuraxon, which conducts to tlie 
periphery. The neuraxon ]>asses through the anterior horn to 
the anterior root as a fiber of tho root and then as a fil)er of the 
peripheral motor nerve reaches a muscle-fiber. When it reaches 
the muscle- fiber, it splits up into terminal brushes and enters 
into connection with the muscle-fiber by means of contact; this 
polygonal cell of the anterior bom with its i)rocc8ses is desig- 
nat(Ml a pcrqihrrnl moinr neuron. The motor path of the cranial 
nerves is constituted in the same manner, consisting also of two 
neurons. Tho central motor neuron has its coll in the cortex 
and its neuraxon, and its end i)rush, which enter into connec- 
tion with a cell of the nu(*leus of the cranial nerve of tlie opjK)- 
sito side. With this cell begins th(^ peripheral uiotor neuron of 
the cranial nerve. The neuraxon of this cell runs as a fil>er to 
the base of the brain and then as a cranial nerve- fiber to the 
muscle-fiber. It connects with the muscle-fiber bv nieans of 
its end ])rush as described. 

From these facts, it is evident that the cell of the cranial 
nuclt?us has the same }>hysiologieal significance for tliis cranial 
nerve as has the j)olyg<mal cell of the anterior horn for its spinal 
nerve. Each neuron constitutes an embryologic and histologic 
unit and acts )>bysiologically as a unit. 

When one of the two neurons that constitute the motor path 
is injured or diseased so that its continuity is ])roken, or if the 
cell belonging to one of the neurons is injured or diseased, the 
neuraxon of the injured or diseased neuron undergoes degener- 
ative changes. These degenerative changes take place only in 
the neuron in which the disease is located; the remainder of the 
motor path remains intact. When the ])eripheral motor neuron 
degenerates, the muscle- fiber to which it is connected by c^ontact 
degenerates also. As each neuron is an independent unit, the 
degeneration caused by disease or injury is limited to the neuron 
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60 affected. Muscle-fiber virtually forms a part of the peripheral 
motor neuron, and when the neuron degenerates, the muscle- 
fiber degenerates with it. In lesions of the central motor neuron 
the muscle-fiber is not so affected. 

53. Reaction of Degeneration. — The electrical reactions 
of degenerated muscles differ from the reactions of a healthy 
muscle and from a muscle that has undergone simple atrophy; 
muscular degeneration can therefore be recognized by means 
of electric investigation. The electrical reaction of degenerate 
muscles is designated reaction of degeneration, or simply RD. 

ED is present only when the peripheral motor neuron is dis- 
eased or injured. It is not present in diseiise or injury of the 
central motor neuron, or in disease of the muscles, or in dis- 
eases of other parts of tbe nervous system or the body. When 
R D is present it is a sign that a diseased process is going on in 
the perii)heral motor neuron. Other pathological modifications 
of the normal neuromuscular reactions are due to disease of 
other parts of the motor tract. 

Duchenne observed that certiiin pathological conditions deter- 
mined modifications in the manner in which nmsdes reacted to 
the fanidic current. He analyzed with an admirai)le method a 
multitude of pathological conditions and, so far as tbe faradic 
current is concerned, left little for his successors to accomplish. 
Remak and Benedikt undertook to do for the galvanic current 
what Duchenne did for the faradic current. Erb discovered the 
reactions of degeneration. In these reactions Erb noted not 
only quantitative changes in neuromuscular irritability but also 
(jualitative changes in the order and form of muscular contrac- 
tions; he estiiblished the value that these reactions could have 
in the diagnosis and prognosis of certain diseases. It has been 
}H)inted out by Doumer that the many forms of abnormal elec- 
trical reactions which have been described (reaction of degener- 
ation, myotonic reaction, reaction of compression, reaction of 
diathesis of contraction, reaction of exhaustion) are really 
groups of elementary, or simple, reactions, each of the latter 
being most frecjuently inde])endent of one another, and each 
having its own i)athological significance. 
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54. Reactton of Krb. — The reaction of d^eneration as 

described hy Erh is conKtituied by two orders of phenomena, 
whicl) have their locution in the muscles corresponding to the 
neuron lesion. 

1. Constant fundanienUil phenomenon: absolute abolition of 
fanidic contractility, no matter what intensity of excitation is 
employed. 

2. Phenomena that are accessory and variable according to 
the age and gravity of the neuron lesion: contradictory galvanic 
reaction, that is, sometimes increased, sometimes decreased, and 
it may be abolisiied; and at the siime time there are qualita- 
tive changes, the anode taking the place of the cathode and the 
muscular contraction becoming lazy, sluggish, and prolonged. 

Tlic fundamental phenomenon of /^ /) described by Erb is, 
so far as muscle examination is concerned, complete absence 
of farad ic contractility. The galyanic responses are some- 
wliat complex. If, however, the muscle reactions of the galvanic 
current are complex, they are also of great importance because 
they correspond to fixed periods of RD^ and are therefore of 
great value in prognosis. Mild RD^ medium /2Z), and grave 
RD^ manifest themselves by ditfercnt galvanic reactions, it is 
true, but the reactions are ahvavs the same for each of these 
cases, and ahvays having for constant substratum the complete 
abolition of faradic contractilitv. 

The <]uantitative modifications of muscular relictions for the 
galvanic current are easily detected. A superficial examination 
shows that a feeble current contracts the degeneratcnl muscle 
while the healthy muscle remains (piiet. The same is true when 
the galvanic contractility is decreased: it will recpiire a much 
stronger current in this case to produce a nmscular contraction. 

The (pialitative investigations of muscle reactions require 
more practice. In normal nerve and muscle, negative closing 
contraction is the strongest. In the beginning of a case of mild 
/?/)the negative contraction is still the strongest, but as the 
degenenition advances, the positive closing contraction equals 
the negative closing contraction and may be exi)ressed thus 
A Cy - - C (.\. 1 n a more advanced stage .4 C'j is greater than C Cy 
The same phenomenon occurs in the opening contractions, that 
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is the negative opening contraction becomes stronger than 
the positive opening contraction. The formula for RD is then 
AC\>CC^>CO>AO. While the order of the polar formula 
is being determined the form of the contraction should be care- 
fully observed. The form of the muscle contraction will be 
sluggish and prolonged. 

55. Difference in Reactions Caused by Faradic and 
Galvanic Currents. — A very important question that might 
be asked is as follows: Why does a muscle in a condition of RD 
respond almost always to the galvanic current, whereas it does 
not react at all to the slowly or rapidly interru])ted faradic cur- 
rent or to static sparks. The answer to this question has been 
given by Boudet and d^Arsonval as follows: In R D, muscular 
contractions are produced with the faradic current after the 
faradic wave has been lengthened by placing a condenser in cir- 
cuit. The explanation is therefore a question of physics. The 
degenerated muscle requires for its contraction a current of dura- 
tion longer than j\ second. The ordinary faradic current impulse 
has a shorter duration than j\ second, and it does not seem to 
have the time to stimulate the contractile elements of a muscle 
whose contractility is lessened by the fact of its degeneration. 
Simply increase the duration of the faradic flux by placing 
between the terminals of the coil a condenser of suflicient 
capacity; the increased wave-length of the faradic current will 
now contract the degenerated muscle with the same ease and 
energy as the galvanic current. The inverse is also true. If, by 
means of a rapid commutator placed in the galvanic circuit, the 
galvanic variations are made of short duration, they will no 
longer produce contractions of the degenerate muscle. 

The reactions of the motor nerves, the real cause of the phe- 
nomena of R D, are simple. The motor nerve in RD does not 
respond to electrical stimulus. The irritability of the motor 
nerve to the galvanic and faradic current is lost. As this 
absence of reaction of motor nerves in RD is constant and the 
same in all stages of established /?/), it can have no prognostic 
significance: it simply signifies that RD is present, nothing 
more. 
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5f>. Suinmnry. — Tho ensonilile of the reactions described 
by Kri) and known as reiu'tion of degeneration may be briefly 
stated as follows: 

1. Abolition of faradic cxoitabilitv in nerve and muscle. 

2. Abolition of galvanic excitability in nerve. 

8. Exaggeration of galvanic excitability in muscle, and in 
more advanced stages d cc roasts 1 galvanic excitability. 

4. Inversion of tbe normal polar formula, CC^ becomes less 
than A i\. 

5. Sluggish contractit)ns. Of all the signs that constitute 
R A the most important and necessary is the sluggish con- 
traction. 

To this tv])ical 7i />, as descril)e<l bv Erl) and as we see it 
mrurring after severe traumatism, there are many exceptions, 
the lunst important of whieli are: (1) The irritability of the 
nerve is simply diminished while the muscle reacts to the 
galvanic current as in typical A* />, that is, with increased 
(Excitability, sluggish contraction, and inversion of the polar 
formula. (2) The irritability of nerve and muscle may be 
simply diminished for eojl-eurrents wbih' the muscle reacts to 
th(» galvanic curnMit with a sluggish contraction and without 
inversion of the polar formula. (.'">) The muscle may rt»8pond 
by a sluggish contraction to stimulation applied through the 
nerve-trunk. (4) Tlje nniscles may respond in a sluggish 
manner to coil-currents applied through llu? mu.'-ch* itself. 

I>onmer resolved these groups of reactions into the elementary 
rea<'tions of which they are comprised. 

TIh'sc elementary, individual, abnormal reactions are: 

1. lM»r the t'aradic curnMit: (a) increased irritability; 
(h) tlecreased irritability; ir) inexeitability. 

2. Kor the galvanic; current: ('*() increased irritability; 
(/<) tlecreascd irritability; (r) inexeitability; ( d) variations in 
the relative values of ('<\ and A C\ (reaction of KrI)); (r) varia- 
tions in tlu^ relative values of C T', and (JO (reacti(ui of Rich); 
(/) longitudinal reaction. 

o. Abnormalities in tbe character of the muscular contrac- 
tion: {(i) diminution of l«>st time; (h) increase of lost time; 
(c) diminution in duration of contraction; (r/J increase in 
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duration of contraction; (e) alterations in the form of the 
curve; (/) reaction of exhaustion. 

These abnormal elementary electrical reactions may be 
arranged in two groups: (1) Quantitative modifications. 
(2) Qualitative modifications. 

Increased excitability to galvanic and faradic 

currents; 
Decreased excitability 

currents; 
Inexcitability. 

Variations in the relative energy of the contractions 

produced by the galvanic current; 
Longitudinal reactions; 
Variations in the fonn of the contraction curve. 

57. Quantitative Mod Ifleat Ions. — Duchenne utilized 
the variations of faradic excitability of nerve and muscle to deter- 
mine tbeir anatomic state, to locate lesions, and to establish a 
prognosis in diflFerent diseases. Tlie irritability of a motor nerve 
or muscle is increased when the minimal contraction is produced 
by a weaker current than that required to produce the minimal 
contraction in their normal state. Their irritability is decreased 
when a stronger current is rerjuired to produce the minimal con- 
traction that is requirtKi mi the normal state. In marked cases 
of incTcaseil irritability the galvanic reactions are very interest- 
ing. Q C, contraction is produced by a fraction of a miffiampere, 
and the Q contracticm by a strength of current that would, 
in the normal state, hardly produce Q(\ contraction. With a 
current a little stronger, A C, T^ and A T^^ T^ meaning tetanus, 
are produced, and also C O T,, as in a case re})orted by Cohen. 

In these cases of increased irritability there (ire no (jualitative 
changes, the |>olar formula is normal and the contraction light- 
ning-like, as in health. Sim{)le increased irritability is almost 
a {lathognomonic sign of tetany. The irritability is increased 
for both currents, very seldom for the galvanic current alone. 
The i)resence of increjised irritability makes it possible in diffi- 
cult crises to diagnose between true tetiuiy and certain hysterical 
conditions. In these hysterical conditions the irritability is 
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not, afi a rule, increased. The diagnosis of tetany in children 
is absolutely certain when with the active electrode on a nerve, 
the median for example, C Cj contraction is produced by .7 milli- 
ampere and CO by .5 milliampere. Cerebral paralysis (recent 
or marked spastic hemiplegia), the first stage of locomotor 
ataxia, and some cases of peripheral paralysis have increased 
irritability without qualitative changes. 

58. Keactlon of Duchenne. — Decreased irritability 
is much more fretjuent than the increased variety. Irrita- 
bility may be decreased for both currents or for one of 
them. It is most frequently decreased for both. The 
normal polar formula and the form of the contractions are 
unchanged. Simple decrease of irrital)ility is found in a large 
number of diseases. In muscular atrophies due to joint 
lesions, if these atrophies exhibit (jualitative changes, there is 
some complication present, as neuritis. In atrophies due to 
cerebral lesions, lesions of central motor neurons, in apoplexy, 
central softening with monoplegia, hemi})legia, or diplegia; the 
changes of irritability are purely ijuantitative in thet>e conditions 
and generally the irritability is decreased. There are no quali- 
tative alterations of muscular contraction. There is also found 
decreased irrita])ility in other diseases of the central motor 
neuron when the peripheral neuron is intact, and in diseases of 
the white substance of the spinal cord, spastic spinal j)aralysi8, 
multiple sclerosis, in hemorrhage, and softening without partici- 
pation of the anterior horns, in disease of the crura cerebri, 
pons, and medulla oblongata (without partici})ation of the 
nuclei of the cranial motor nerves). The irritability in these 
diseases is either normal or decreased, and generally for both 
currents. The irritability is decreased in certain cases of tabes 
and in functional neuroses, i)articularly in hysteria. The elec- 
tric examination is important in cases of traunjatic hysteria. 
A positive demonstration of decreased irritability will exclude 
shamming. 

Is a progressive atrophy s})inal or nmscular in origin? Elec- 
trical reactions will determine this. In atrophies of nmscular 
origin there are no electrical changes, simply a diminution of 
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irritability. In those of the spinal form there is reaction of 
degeneration. 

Quantitative changes of neuromuscular irritability do not 
determine the location of the lesion. They signify that there is 
alteration at the point of examination or peripheral to it. This 
alteration may be in the nerve or in the muscle or in both. Quali- 
tative changes signify that the disease or injury is in the nerve. 

59. Partial lleactlon of Degreueratloii. — There is 
diminished irritability for both currents in nerve and muscle 
toward the end of the first week. In the next week the irrita- 
bility of the nerve and faradic irritability of the muscle are 
preserved, but show a decrease. Frequently they remain quite 
normal. On the contrary the muscle reactions for the galvanic 
current have all the characteristics oi RD\ sluggish contraction, 
increased irritability, and inversion of the normal polar formula. 
In a few weeks — at most 8 or 12 weeks — the reactions return 
again to normal. Sometimes partial R D runs a more unfavor- 
able course and may last for years. This occurs quite 
frequently in progressive diseases, as in syringomyelia. The 
irritability of the motor nerve may become very much 
decreased, also faradic irritability of the muscle. The galvanic 
irritability of the muscle may be normal or below normal, 
while the contraction preserves its sluggish character. 

60. Keactloii of Ulch. — This reaction is based on the 
relative variations of CC^ and CO. Normally, these two con- 
tractions occupy the extremes of the polar fornmla, that is 
between them is found A Q and A 0. When the reaction of Rich 
is present it is altogether different, the contraction CC^ and CO 
tend to equal each other. The current rcijuired to produce C 
in the normal state may be 10 times stronger than that required 
to produce CC,; whereas in the reaction of Rich it will recjuire 
1.75 milliamperes for CO and 1.25 milliamperes for CC\. 

This reaction might be called the reaction of compression, as 
it is usually found in the muscles when the nerve that supplies 
them has l>een compressed. The changes in the nerve are prob- 
ably duo to insufficient blood-supply. The reaction of Erb ia 
based on the relative variations of CC\ and A C^. 
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of importance, as it enables one to diagnose a contracture about 
to appear and to fix the time when sclerosis of the lateral 
columns actually begin. 

2. Paralytic 7^^)e.— This is characterized by (a) prolonga- 
tion of lost time, (6) diminution in height of curve. The 
paralytic type is found in all cases of paralysis when the 
muscular tissue is intact, but when the nerve centers are 
involved. The excitation arrives later than normally within 
the muscular tissue and is less energetic in its action. 

3. Atrophic Type of Curve. — This is characterized by 
(a) increase of lost time, (6) increase of duration of contrac- 
tion, (c) slow ascent, (rZ) slow descent, (e) diminished ampli- 
tude. The atrophic type of curve is always found in simple 
atrophy of muscles. 

4. Degeneration Tijpe of Cun^e. — This type has the same 
characteristics as the atrophic, with this difference, however, 
that it presents undulations in the line of descent. The 
degeneration type of curve is found in all cases of muscular 
atrophy in which the corresponding nerves are degenerated. 

64. Semelology. — When eleotromuscular contractions 
depart in a notable manner from the j>hyBiological type, it 
means that there is pathological trouble in the muscle or nerve 
or in the central nervous system. Sometimes the irritability is 
increased, sometimes diminished, and at times is abolished. 
In other cases there are (jualitative changes of the electromus- 
cular reactions, the so-called reaction of degeneration. Each of 
these modifications corresponds to different lesions, so that elec- 
trical exploration of muscles or nerves becomes an element in 
diagnosis. Simple increase of irritability without A' D is usually 
accom})anied by exaggerated reflexes with the exception of 
beginning tabes. The increased electric irrita])ility is much 
more constant than exaggerated refiexes. Simple diminution 
of irritability without R J) is a symptom that is frequently 
observed. Great care should be observed in interpreting 
diminished irritability. The sound and healthy sides should 
be carefully compared with each other. 

The detection of the minimal contraction is sometimes 
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difficult, and the beginner in electrodiagnostic work may easily 
make a mistake. The electrode must be placed on the motor 
point and should be thoroughly moistened. It must also be 
remembered that even in healthy individuals there is some- 
times a difference in the electric irritability of symmetrical parte 
of the body. 

When R D is present, it permite us to affirm that the lesion 
which causes the paralysis is in the peripheral motor neuron. 
The lesion is in the gray matter of the anterior horns of the 
spinal cord, in the motor nerves, or in the terminal ramifica- 
tions of the motor nerve. The muscle-fiber is always seconda- 
rily attacked. The presence ol RD permite us to affirm that the 
muscle is undergoing granular degeneration and that the cause 
of this degeneration is not in the white substance of the cere- 
brospinal axis. Th^ peripheral motor neuron, either spinal or 
cranial, is disea^sed or injured. 

Cerebral diseases or myopathic atrophies are not accompanied 
by R D. In order to determine which part of the peripheral 
motor neuron is affected, sensibility, reflexes, and the history 
must be investigated. There are cases in which R D suffices in 
iteelf to establish the diagnosis. If we detect i? Z) in an extrem- 
ity of a child, the diagnosis is infantile paralysis. It is not 
cerebral, because RD does not accompany cerebral j)aralysi8. 
Toxic neuritis in children is usually bilateral. If we add the 
sudden appearance of the paralysis, the diagnosis is absolutely 
certain. 

In the case of facial paralysis with R D vfe can affirm the 
peripheral origin of the disease. Facial paralysis of central 
origin never exhibits R D. In progressive muscular atrophies 
the presence ot RD differentiates myelopathic from myopathic 
atrophies. 

65. Reaction of Degronoration In Prognosis. — With 
regard to prognosis RD may be divided into several stages 
as follows: 

1. Abolition of faradic contractility. Exaggeration of 
galvanic contractility. 

2. Abolition of faradic contractility. Exaggeration of 
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galvanic contractility with commencing inversion of the normal 
polar formula: CC\> A C\> A 0> C 0, 

3. Abolition of faradio contractility. Decreased galvanic 
contractility with complete inversion of the normal polar 
formula: A C\> CC,> C 0> A 0. 

4. Complete abolition of all contractility. 

The value of RDm prognosis depends on the fact that the dif- 
ferent stages of RD have known histological changes of nerve 
and muscle structure, so that when we have detennined the 
degree of severity of R D, we can also determine the existence of 
the histological changes that have already taken place in the 
nerve and muscles involved. The value of R D in prognosis is 
sul>ordinated to the anatomic cause of the disease. RD in rheu- 
matic facial paralysis may be exactly similar to R Din infantile 
paralysis, yet the prognosis in these two diseases is entirely 
different. The lesion in rheumatic facial paralysis (peripheral 
neuritis) is curable, whereas the lesion in infantile paralysis 
(destruction of ganglion cells of peri})herai motor neurons) is 
irreparable. It is evident, therefore, that RD of rheumatic 
facial paralysis cannot be compared with R D of infantile 
paralysis; but R D of one case of rheumatic facial paralysis can 
be compared with R D oi other cases of rheumatic facial paral- 
ysis, and the prognosis can be established. 

If the patient comes to us on the second or third day of an 
attack of rheumatic facial paralysis and we find the electrical 
reactions normal, the paralysis will diHai)pear in 3 or 4 days; if 
he comes to us on the seventh or eighth day and the reactions 
are still normal, we may allirm with great [irobability that com- 
plete R D will not develop. Partial R D or (jualitative changes 
may develop, or normal reactions may continue. If on the 
seventh or eighth day we observe a decrease of irritability, 
direct or indirect, or both, it is still possible that the disease 
will advance no further, yet it may be the beginning of partial 
or comj)h}te R D. 

In the second week, or at the latest in the third week, the 
prognosis can as a rule be established. If at this time slug- 
gish contraction is observed, R D is certain. With the sluggish 
contraction will also be observed increased galvanonmscular 
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irritability and frequently Iwginning inversion of the normal 
polar formula. At the snme time, or a little later, it can also 
he decided whether the R I) is pai:tial or complete. If nerve 
irritability disappears for both currents and faradic irrita])ility 
for muscles, the R I) is complete. If these reactions do not dis- 
appear, RD is produced whether nerve irritability for l^)th cur- 
rents and faradic irritability for muscles is increased or dimin- 
ished. If partial R D is present, the paralysis will last from 
6 to 12 weeks; if complete RD is present the diseiise will last, as 
a rule, from G to months, or it may peYhaps be incurable. 

If about the fifteenth or twentieth week in those severe cases 
of R D it is possible to produce even slight muscular contrac- 
tions by stimulating the nerve even with strong currents, or 
if the muscle can be made to react by direct applications of a 
strong faradic current, it is probable that we have to do with 
a curable form of 'facial paralysis. If about this time the slug- 
gish contractions become somewhat (quicker, the prognosis is in 
general favorable. When the galvanomuscular irritability goes 
on decreasing with persisting sluggish contractions, the prognosis 
is unfavorable. 

66. It is always better to wait a long time before giving an 
absolutely unfavorable prognosis. In the thirtieth or fortieth 
week, even in a year or later, there may be a return of neuro- 
nmacular irritability and normal neuromuscular reactions. 
R D has special prognostic significance in individual cases of 
peripheral paralysis, as rheumatic facial paralysis, and indi- 
vidual cases of pressure paralysis as radial paralysis, etc. The 
majority of paralyses of this kind are curable and can be divided 
into three groups; (1) Paralysis without R 1)^ recovery in from 
2 to 3 weeks; (2) paralysis with partial RD, recovery in from 
6 to 12 weeks; (3) paralysis with complete R 1)^ recovery (if 
curable) in from 6 to 12 months. 

In all these cases we can at the end of the second week, as a 
rule, make a definite prognosis. If the case belongs to the first 
class, recovery takes place in 2 or 3 weeks; if the second, in 6 to 
12 weeks; and if to the third (an<l the case be curable), in 
9 to 12 weeks. Most of the cases of s])inal and bulbar paralyses 
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and of traumatic and rheumatic lesions of peripheral nerves can 
^»e cla^sifierl in the above groups, and elect romuscular reactionB 
will be a con^^iderable help both in diagno«is and prognosis. 

In individual ca.«es, ])articularly in neuritis of the infectire 
or toxic type, electrical reactions may he of little or no value in 
prognoe^is. In these cases the electrical reactions inform us of 
the condition of nerve and muscle at the time of the examina- 
tion and nothing more. The future progress of the case will 
flf»I>end on whether the poison or infection has ceased its work. 
In tliis respf-ct we must be particularly cautious in diphtheritic 
f»aralysis and alaiholic paralysis. In diphtheritic paralysis the 
alteration in electrical reaction may be simply quantitative, 
but the toxin may be continuing its work and R D will appear 
later. The alcf»holic may stop for a time his drinking habit 
and there will be uo R D; he recommences to drink and there 
will be a return of sluggish muscular contractions with all the 
phenomena of complete R A 



ELECTRODIAGNOSLS IN (SYNECOIXKSY. 

67. The galvanic and faradic currents sometimes render 
impr)rtant service in the diagnosis of certain pathoK)gical 
conditions of the uterus and its adnexfu. It is often necessary 
in a given case, before deciding whether treatment should be 
conservative or radical, to ascertain the condition of the adnexa?, 
whether they are healthy or diseased and to what degree. For 
this purpose (exploratory C(rliotomy is the usual proce<lure. In 
tills class of cases electric currents are ciipable of rendering 
important services. They can clear up a doubtful diagnosis 
and thus prevent surgical interference or establish with cer- 
tainty the necessity of such interference. 

f>8. Fanullo Current. — The application of this current 
will decide the real nature of ovarian pain. If the pain is 
jMirely hysterical the faradic current will relieve it. If the 
faradic current does not relieve the ovarian pain, the pain is due 
to some other cause, and galvanic applications will be re^iuired 
in addition to the faradic, or surgical intervention may become 
neeessarv. 
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69. Galvanic Current. — Intra-uterine applications of 
the galvanic current will inform us as to the integrity or 
non-integrity of the uterine adnexa?. The intra-uterine sen- 
sibility of the direct current is dependent on the 8en8ii)ility of 
the uterine adnexa), and the electrical reactions obtained from an 
intra-uterine application will decide whether the adnexa? are 
inflamed or not. The clinical consequences of intra-uterine 
applications of the direct current are as follows: 

1. When an intra-uterine application of 100 or 150 milli- 
amperes produces no reaction, either during or after the appli- 
cation, the uterus is said to be tolerant; the adnexa? are healthy; 
there is no inflammation to justify surgical interference. 

2. When a uterus does not support, or supports badly, 50 
milliamperes and reacts after the application, the adnexae may 
be considered inflamed. 

3. When the intolerance of the uterus is continually growing 
less and there is symptomatic amelioration, the patient is hysteri- 
cal, or possesses adnexie whose inflammation is disappearing. 

4. A uterus that does not support 20 or 30 milliamperes 
and the intolerance goes on increasing, has adnexie attacked by 
a lesion that is not amenable to conservative surgery. 

The galvanic current gives important indications in the 
diagnosis and prognosis of uterine fibromata. Galvanic appli- 
cations are commenced with the positive pole intra-uterine; 
if the symptoms are ameliorated in a manifest and durable 
manner the treatment should be continued and recommenced 
when there is any indication of a return. 

If symptomatic relief does not follow these applications and 
if there is an aggravation, the condition of the adnexie should be 
investigated, for the cause of the failure of electric applications 
will generally be found in them. If the adnexie are healthy, 
the uterus should be carefully examined in order to determine 
the cause of the non-efficiency of electrical applications. 

Among the causes of uterine disorders may be cited 
(1) fibrocystic tumors, (2) malignant degeneration of fibromata. 

Gynecological electrical applications, when properly executed 
are not dangerous and have only two contraindications, 
pregnancy and inflammation of the peritoneum. 
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IMPORTAXCE OF MEASURING EI^ECTRIC RESISTANCES IX 

E I.EC 1'ROni AG NOSIS. 

70. There does not seem to be much harmony among 
investigators with reganl to the value of the measurements of 
the electric resistances of the body in the diagnosis of disease. 
According to some, these measurements are extremely useful, 
while others deny them any positive value whatever. Vigoroux 
claims that the resistance of the l)ody is always diminisheil in 
exophthalmic goiter, and that in hysteria and melancholia the 
lx)dy resistance is increase<l. Charcot regarded the diminution 
of body resistance as an important symptom in the diagnosis of 
exophthalmic goiter. 

D'Arman l>elieves that in ejnlepsy, idiocy, and inf«antile 
paralysis, the body n^sistance is increasc^d. Rosenthal and 
I^uIm?, Spehl and Sano formulate contrary opinions. They 
believe that the differences observed in the value of bodv resist- 
ances are due to the greater or less ten<lency to perspiration, but 
are by no means constant 

Spehl jind Sano affirm, as the result of 204 experiments on 
invalids and othei-s, (1) tliat the most diverse conditions, both 
in health and disease, may present the same resistance; (2) that 
whilst ciTtain p(;rsons display an absolutely uniform electrical 
resistance to continuous currents, others, both amon<r the healthy 
and the sick, show variations even during the course of the 
same disease; (3) that the same <lisease presents different 
rcsisUmces in different persons, and variable resistances in the 
same person. 

Doctor Turner considers that much niuv be learned ])v an 
electrical examination of tiie urine. He states that the spt^cific 
resistance of normal urine is about 45 olims, and that its n-sist- 
ance varies, as a rule, inversely with the specific gravity. He 
considers that the resistance* of the urine is a nionsure for the 
chemically activ<' substances in the urine — of the salts, and to a 
much less degree, of the inert urea. 
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MOTOR POINTS OF THE BODY. 

71. It is indispensable, when one desires to investigate the 
electrical reactions of the nerves and muscles of a patient, to 
know the exact location of the motor points in order to produce 
the best possible contraction and to excite only the nerve and 
muscle that one wishes to study. The motor points were 
first pointed out by Duchenne as those points on the surface of 
a muscle that res|)onded most energetically to electrical stimu- 
lation. In his investigations, Duchenne used the electrodes 
shown in Fig. 15; these are metallic and, when used, should 
have their points covered with chamois. By experiments on 
the cadaver, von Ziemssen subsequently demonstrated that 
these motor points corre- 
spond to the entrance of 
the nerve-fibers into the 
muscle. Among the best 
plates of the motor points 
may be mentioned those 
of von Ziemssen, Eich- fig. lo. 

hortz, Erb, Onimus, and Castex. When the localized applica- 
tion of electricity was recognized as the chief method of treating 
disease, the motor points were of more importance than they 
are today. The situation of the motor })oint8 is best determined 
by using a fine electrode, well moistened. The accom{)anying 
illustrations from von Ziemssen show the principal motor points 
of the l)ody. It is recommended as good practice to locate these 
points by aj)plications to one's own body. In this way, a knowl- 
edge of the sensations of the different currents is actjuired, as 
well as tlie lociition of the motor points. After locating the 
motor points, they may be touched with nitrate of silver and 
photographed. 
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MOTOR POINTS OF HEAD AND NBCK. 

i, Frontalis muscle. 

2y Attrahens and attollens auriculam muscle. 

S, Retrahens and attollens auriculam muscle. 

4, Occipitalis muscle. 

5, Facial nerve. 

6j Posterior auricular branch of facial nerve. 

7, Stylohyoid muscle. 

8y Digastric muscle. 

9, Buccal branch of facial nerve. 

10, Splenius capitis muscle. 

ii, Subcutaneous branches of inferior maxillary nerve. 

12, External branch of spinal accessory nerve. 

ISy Sternoniastoid muscle. 

14 y Trapezius muscle. 

15, Sternomastoid musole. 

16y Levator anguli scapula? muscle. 

17y Posterior thoracic nerve. 

18, Phrenic nerve. 

10, Omohyoid muscle. 

20y Nerve to serratus magnus muscle. 

21, Axillary nerve. 

22, Branch of brachial plexus (musculocutaneous and part 

of median). 
2S, Anterior thoracic nerve (pectoral muscles). 
24 i Corrugator supercilii muscles. 

25, Compressor nasi and pyramidalis nasi muscle. 

26, Orbicularis palpebrarum muscle. 

27, Levator labii superioris ala^que nasi muscle. 

28, Levator labii superioris muscle. 
2,9, Zygomaticus minor muscle. 

30, Dilatator naris. 

31, Zygomaticus major. 

32, Orbicularis oris. 

33, Branch to triangularis and levator menti muscles. 

34, Levator menti muscle. 

35, Quadratus menti muscles. 

36, Triangularis menti muscle. 

37, Cervical branch of facial nerve. 

38, Branch to platysma muscle. 

39, Sternohyoid muscle. 
^0, Omohyoid muscle. 
j^l. Sternothyroid muscle. 
42 y Sternohyoid muscle. 



70 



TECHNIQUE AND PHYSIOLOGY 



§6 




Fi«;. 17. 



MOTOR POINTS OF ANTKKIOU sritFAC'K OF TIUTNK, 

L 1 

2 



6 
/ 

<9 
D 
10 
11 
12 
13 

U 



► Rerttis abdominis (inti'rc'ost:il nervcsj. 



Serratus niagnns. 
Latissinius dorsi. 



► Obliqiiiis extenuis (intercostal nerves). 



Transversal is. 
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MOTOK ■■OINTS OF FLKXOlt HUItFACE OF FORK ARM. 

/, Kluxor carpi riidiiilia. 

2, Flexor profundus digitortim. 

3, Flexor HUliliiiiix ilip;it<)ruiii. 

4, Flexor Umgiis [>oIlicis. 

5, Median nerve. 

0, AhducUir {Killicis. 

7, Opiioneiis [xillicis. 

8, Flexor Iirevin polliuiB. 
0, Adductor [wlliciii. 

10, \ 



23, 



\ Luuibricales. 

Ilrnnch of median nerve to pronator teres. 

I'lilniuriu loiiKUH. 

Flexor carpi ulnnris. 

Plexor Hubliinis digitnrum. 

Flexor »iililimis di);it(>runi (index and little linger). 

I'lniir nerve. 

l>eep l>run<'h of ulnar nervo. 

rulniartH brcvis. 

Aliductor luiiiitiii digiti. 

Flexor brevis minimi digiU. 

Opjmnens minimi diglti. 
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SKUOK FOUNTS <»F EXTKNSf)H sl'ltfACE «F t'OUEARH. 



jV > Dorsui iuturnsBi'i. 

ii\ 

,{, ICxttnaor iniliciH. 

i, Kxtensor priiiii inU^riioilii ixilHcin, 

ii, Kxtensor ossts iiicliu.'iirpL pollicis. 

6', KxtfiiHor iiulids ct extensor ostfis niflacarpi polliciB. 

7, Kxtensor indicia. 



\ Extensor 



s digilunim. 



, KxUjnwfir carpi railialis brcvior, 

, Extensiir carpi radialis longior, 

, Supinator longiis. 

, Abductor minimi digiti. 

, Extensor secundi intemodii iwUicia. 

, Extensor indifin. 

, Extensor minimi digiti. 

, Extensor carpi ulnaris. 
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MOTOR POINTS OF l»OSTKRIOR OR EXTENSOR SURFACE OF 

I^FT ARM. 



I^FT ARM. 

i, Extensor carpi radialis brevior. 

2, Extensor carpi radialis longior. 

S, Supinator longus. 

4, Brachialis anticus. 

5, Musculospiral nerve. 

6, External head of triceps. 




FUJ. 21. 
MOTOR POINTS OF ANTERIOR SURFACE OF LEFT ARM. 

ly Musculocutaneous nerve. 

J?, Branch to biceps. 

S, Branch to long head of triceps. 

4j Musculocutaneous nerve. 

5, Median nerve. 

6y Brachialis anticus. 

7, Ulnar nerve. 

8j Branch of median nerve to pronator teres. 
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AinUll I'HINTS OF ANTF.KIOIt sfltKACK »>K TIIKJU. 

', CruraliH. 

', OlitiiratDriiiw. 

', HarUiriiiH, 

1, Ailillirtnr longus. 

i, l{e(!tiis fcinorifs. 

f, limiich of cninil iktvc Ut <|iia(irii'fi>s tmisrle. 

', OrnraliH, 

', ItniiK-h ()f criinil iicrvt- to vastuH iiit(.Tnim iiiiisde. 

', TeiiMor fa.«<iii- Int. (Hum. N. glutei sn|>. ) 

', TciiKor fiisciiL' lilt, (liiiiii. N. ururaliB. ) 

' 1 

,' i ViiBtUH exteniua. 
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*Fio. 23. 



Ram. inf. N. glut. inf. pro M. glut, maxim. 

Sciatic nerve. 

Long head of biceps. 

Short head of biceps. 

Tibial nerve. 

Peroneal nerv^e. 

Gastrocnemius ext^rnus. 

Soleus. 

Adductor magnus. 

Semitendinosus. 

Semimembranosus. 

Gaatrocnemius internus. 
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■ Ot'TER SURFACR OF I.EO. 



MOTOR POINTS 

, Peroneal norY<'. 

, Ext. Iicjul (if gastrocnomiua. 

, Soleufi. 

, Extenfiiir longue digitorum coraniuiiifl. 

, Peroneiis brevis, 

, Soleup. 

, Flexor longiis hallucie. 

, Extenxnr coinintinis digitorum brevia. 

, Abductor minimi digiti. 

, Peroneiw longus. 

, Tibialis anticuB. 
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1£, Extensor longuB h&lluciB. 
.„ f Ant, tibial nerve. 
' Extensor brevia digitorum. 



Dorsal interoesei. 




MOTOR I'OINTS OP INNER SURFACE OF LEO. 



i, M. gastrocnemius intcmus. 

£, M. soleus. 

5, M. flex, digitor. comtnun. long. 
4, N. tibialis. 

6, M. abductor pollicis. 
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72. The following tabic l>y Doctor De Watteville is a guide 
to the ueat of u Icttion in the diseaiKM of the nervous and muscular 
uysteiiiH aij far ua it cuii be indicated by the electrical reactions: 
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73. Points Favorable for the Electrization of 
Nerves. — In the upper limb: 

1. The medmn, along the inner border of the biceps, and at 
the bend of the elbow. 

2. The ulnary in the groove between the internal condyle and 
the olecranon. 

3. The musaUospirnlj at the point where it emerges from the 
triceps; namely, on the outer side of the upper arm, about the 
junction of its middle and lower thirds. 

4. The micscuhaUnneouSy between the biceps and coraco- 
brachialis. 

5. The long thi/racic (serratus magnus), on the inner wall of 
the axilla. 

6. At a spot 1 inch above the clavicle and a little externally 
to the posterior border of the sternomastoid, immediately in 
front of the transverse process of the sixth cervical vertebra, a 
simultaneous contraction can be produced in the deltoid, biceps, 
coracobrachialis, brachialis anticus, and supinator longus. This 
point has been called the supraclavicular point of Erb. 

In the lower limb: 

7. The anterior crural, in the fold of the groin just outside 
the femoral artery. 

8. The sciatic, in the pelvic coats of the rectum, or just 
l)elow the gluteal fold at the back of the thigh. 

9. The peroneal, or external po])litcal, just above the head of 
the fibula, beside the biceps tendon. 

10. The internal popliteal nerve, in the popliteal space, and to 
the inner side of the tendon Achilles. 

In the face: 

11. The facial, through the cartilage of the lower surface of 
the meatus auditonus. Its chief ramifications can be reached 
where they emerge from the parotid gland. Erb chooses for 
stimulation three main branches of the facial: (1) for muscles 
above the palpebral aperture; (2) for those in front of the 
upper jaw, between the orbit and the mouth; (3) for muscles of 
the lower jaw. He testa each of these in two places, first at 
]:>oint8 just in front of the ears, and secondly for (1) at the 
temple, for (2) at anterior extremity of zygomatic bone near its 



80 TECHNIQUE AND PHYSIOLOGY §6 

lower border, for (3) at the middle of the inferior border of the 
horizontal ramus of the li>wer jaw. 

12. The fifth, at the supraorbital foramen, at the infra- 
orbital foramen, at the mental foramen, on the side of the 
tongue. 

In the neck: 

13. The spinal accemyry^ at the top of the supraclavicular 
triangle, where the nerv*» pierces the stemomastoid. 

14. The phrenic, on the outer edge of the lower part of the 
stemomastoid. 

15. The hi/pofflosml, along the upper border of the great 
cornu of the h^^oid bone. 

IG. The recurrent larynyeal, along the outer border of the 
trachea. 

17. The pnruinofjfifitric and glossopharyngeal , along the track 
of the carotid artery just below the angle of the jaw. 

74. Fre(|ueiitly it happona that paralysis affects a group of 
muHcles. It is tlien necessary in making a diagnosis to trace 
])ack the niTve-suj)ply of the aflt'ded niu8cl(\s to their spinal 
roob*. Muscles ])liysi()logicnlly related may receive their nerve- 
supply from (litTorent motor roots. The following table, by 
Doctor Ferricr, gives the more important spinal nerve-roots, 
with the muscles supplied by each. 

Nerve- roots: 

4th (Wrirai — Deltoid, rhomboifls, si>inati, biceps; brachialis 
anticus, supinator longus; extensors of the hand. 

0th Cervical. — Deltoid (clavicular portion), biceps, brachialis 
anticus, serratus niagnus, supinator longus; extensors of the 
hand. 

h'th Cervical. — Latissimus dorsi, pectoralis major, serratus 
magiuis, pronators, triceps. 

7th Cervical. — Teres minor, latissimus dorsi, subscapularis, 
pectoralis minor, flex<^rs of the hand, triceps. 

Sth Cervical. — Flexoi-s of wrist and fingers, muscles of hand, 
extensors of wrist and lingers, tricei)S. 

1st Dorsal. — Muscles of hand: thenar, hypothenar, interossei. 

Sd Lumbar. — Iliopsoas, sartorius, adductors, extensor cruris. 
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4th Lumbar. — Extensor femoris et cruris, peroneus longuB, 
adductors. 

5th Lumbar. — Flexors and extensors of toes, tibial, sural, and 
peroneal muscles, extensors and rotators of thigh, hamstrings. 

Ist Sacral. — Calf, hamstrings, long flexor of great toe, 
intrinsic muscle of foot. 

75. Doctor Heringham gives, from the dissections of the 
brachial plexus of infants, as the usual nerve-supply, the follow- 
ing table: 

Sdj 4thy and 6th Cervical. — Levator anguli scapulse. 

6th Cervical. — Rhomboids. 

5ihy or 6th and 6th Cervical. — Supraspinatus, infraspinatus, 
teres minor. 

6th and 6th Cervical. — Subscapularis, deltoid, biceps, brachi- 
alis anticus. 

6th Cervical. — Teres major, pronator radii teres, flexor carpi 
radialis. Supinator longus and brevis. Superficial thenar 
muscles. 

6th, 6thj and 7th Cervical. — Serratus magnus. 

6ih or 7th Cervical. — Extensors carpi radialis. 

7th Cervical — Coracobracliialis, latissiraus dorsi, extensors at 
back of forearm, outer head of triceps. 

7th and 8th Cervical. — Inner head of triceps. 

7th, 8th, and Ist Dorsal. — Flexor sublimis and profundus, 
flexor carpi ulnaris, flexor longus poUicis, and pronator 
quadratus. 

8th Cenncal. — Long head of triceps, hypothenar muscles, 
interossei, deep thenar muscles. 

The pectoralis major from the Gth, 7th, 8th, and 1st dorsal. 

The pectoralis minor from the 7th, 8th, and 1st dorsal. 

76. The Dispersing: Electrode. — In investigating the 
electrical reactions of nerve and muscle, the surface area of 
the active electrode should be small so that it can be adapted 
to all surfaces. About f inch in diameter is the size usually 
employed. The inactive or dispersing electrode should be 
much larger, to diminish current-density, and to prevent the 
local electrolytic action of the current. The size and position 
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of the diHp<tn<inf; elcctnwlo arc rif;ht when they annoy neither 
the patient nor the phyeician. For the usual electrical teata, 
the dispersing clectnxle should have a surface area of about 
1 2 prjniirc iiichtf. It eliouhl I)g made of block-tin or thoroughly 
annealed cnjuMT, and covered witli felt or amidon. The patient 
can easily hiild the dispersing electrode in position, leaving the 
physiclim to ni:tiiipidate the active electrode and the part of 
the hnily under exiiniiniilion. 



77. Klectriual diagnoiiiK of nerves and tnuficles presuppoaea 
on the part of the inveHttgntor thoniugh knowledge of the topo- 
gra]ihiciil analoniy of the hnman body, and a. more than 
onlinary familiitrity with the technique of electrical appliances. 
Attention to details 
and re[>eated exercides 
in locating motor 
points, l)oth on one- 
self and on patients, 
are necessary to ac- 
i|iiirc proficiency in 
I'jodrical diagnosis. 

The manner in 

which the muscles 

i'-.inlr:ict, the different 

muscles that respond 

when an electrical 

stimulus is applied to 

a nerve, the number 

of mi lliiimj teres lecjuircil t" produce contraction, the resistance 

iif the skin, and the lucalion of the nerve, whether deep or 

su|>erfiei!il, are all mutters thai should be, dwcly observed. 

It is imjiorlant to have a. g<H>d method for recording the 
reBults of elwtrodiagnitsis. Kig. 20 repnisents the graphic method 
proposed by Prof. Itcrgonie. Two lines arc drawn nt right 
angles; the horizontal one is the alfficisea upon which the 
current is noted; the relative amounts of the muscular contrac- 
tions aR' the ordinntes. A cnrve is thus obtaineil for negative 
and ]io8itivc opening and closing, showing for each amount of 
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current the relative extent of the contraction. The curve of the 
negative pole is niarked by the sign — , that of the i)08itive 
pole by the sign -{-, The normal law of contraction is expressed 
in Fig. 26. 

78. A& RD follows disease or injury of the nuclei of origin 
for the cranial nerves or of the ganglion-cells of the anterior 
coniua or of the motor nerve-trunks, cerebral or spinal, the 
importance of disclosing its existence must be apparent. The 
time required for each examination (which practice considerably 
shortens) is fully compensated for by a knowledge of the trophic 
condition of the lower motor segment that is more definite 
and satisfactory than can be acquired by any other method of 
examination. RD excludes at once the bram, the white matter 
of the cord, hysterical paralysis, shamming, idiopathic muscular 
atrophy, and cleare the ground in a very appreciable manner for 
the consideration of other diseases of the cerebrospinal axis. 

* The tendency to neglect the electrical investigation of nerve 
and muscle is not easily explained, since the investigation gives 
definite results that enable the physician to form a prognosis 
and to institute rational treatment. When muscles and motor 
nerves are under investigation, the direct current is an indis- 
pensable aid. 

MAGNETISM. 

79. Wherever tliere is an electric current there is a mag- 
netic field — steady, if the current is steady; alternating, if the 
current is alternating. It is the influence of these magnetic 
fields on the tissue-metabolism of the human organism that 
will be considered here. If the proj>ertie8 of a molecule 
depend on the arrangement of the atoms that compose it as 
much as they do on the kind of matter, it would be strange if 
lines of nmgnetic stress had no influence whatever on the rate 
of change in life processes. Only a few years ago magnetic 
fields were believed to have no influence on the human organ- 
ism. Ill a paper read before the American Electrotherapeutic 
Association, in 1892, Doctor Peterson and Mr. Kennelly 
reported the results of their experiments on this subject. They 
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gave tlieir conclusions from various experiments, carefully con- 
ducted, in tlie following statement: **The human organism is 
in no wise ai)parently affected by the most powerful magnets 
known to modern science; neither direct nor reversed magnet- 
ism exerts any perceptible influence upon the iron contained in 
the blood, upon the circulation, upon ciliary or protoplasmic 
movements, upon sensory or motor nerves, or upon the brain." 
It had long l)een l>elieved by many that magnetism had an 
important place among those agencies that control the nutrition 
of the human body, both in health and in disease. The 
conclusions in the above statement from Doctor Peterson and 
Mr. Kennelly were, however, accepted by investigators, because 
nothing to the contrary had been experimentally demonstrated. 



KXPKUIMENTS IJY PETERSON AND KENNELLY. 

80. The first series of ol)servations were made on a drop of 
water, pulverized iron, powdered hemoglobin, living ciliated 
epithelium, and the circulation of the blood in a frog-foot 
preparation. These wen^ placed in the field of a microscope, 
and inserted between the poles of a powerful electromagnet. 
The drop of water and the pulverized iron were influenced 
])y the magnetic field, but the hemoglobin, the ciliated 
e])itheliuni, and the circulation of the blood were in no wise 
disturbed. 

In the second series of exj)eriments, the influence of stress- 
lines on the conductivity of a motor nerve was studied. For 
this purpose, a small dog was enclosed for some hours in a 
strong magnetic field. The result was negative. 

Tbe third and fourth series were the most important, as they 
were conducted with a view of determining the physiological 
action of steady and alternating magnetic fields on the human 
organism. The subject placed his head between tbe poles of a 
powerful electromagnet, which could be excited from a dynamo 
machine. They reported as follows: "Five men, ourselves 
among the number, were subjected to trial. One case described 
will describe all. The subject lay back upon the board and 
concentrated his attention upon his sensations. His right 
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wrist was extended and was grasped by one observer, who 
took sphygmographic tracings of the pulse. A second observer 
placed a hand on his chest, to observe any irregularities that 
might occur in respiration. A third observer, in view of these 
two, but unseen by the subject of the experiment, opened and 
closed the switch that excited and released the field, signaling 
to the first two observers as he did so. The strong magnetic 
influence was therefore turned on or off at will, and without the 
knowledge of the subject. Several sphygmographic tracings 
were taken in each of our subjects, and in one the knee-jerk 
was tested continuously. The sphygmographic tracings taken 
during the seance show no change in regularity, in spite of 
making and breaking of the enormous magnetic influence during 
its registration. The respirations were not changed in the 
least. The knee-jerk also presenteil absolutely no change. 
As to common sensations, there were none that could be 
attributed to the magnetic influence, and the subject could not 
discover when or whether the field had been excited. The 
testimony of all five subjects was alike." 

The fourth, and final, series was made to test the effect of an 
alternating magnetic field. The magnetism was reversed 280 
times a second. The alternating electromotive force was 1,200 
volts, the current supplied being 1.85 amperes. 

**Each of the authors acted as subjects in the experiments, 
permitting the 1,200- volt alternating current to be made and 
broken fre<]uently in the huge magnetic coil surrounding his 
head. No effect whatever was experienced. The coil itself 
hummed with the current, and a strip of sheet iron held in 
the cavit}' of the coil, but not touching it, vibrated perceptibly 
in the hand and gave a distinct, loud sound, which was deter- 
mined to be middle C of a musical scale." 

81. Doctor Peterson and Mr. Kennelly restricted them- 
selves to a study of the pulse, of the respiration, of the knee-jerk, 
and of the subjective sensations of the individual in the magnetic 
field. Physiological chemistry is not mentioned, and received 
from them no attention whatever. The chemistry of the 
excretions gives the most reliable data for conclusions on 
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ti--".' -ii.>.-ta"!-.!>n.. Ti.»- value of cheniica] anaIv5U> of the 
♦ xcp::-': - i- v»-ry •'.•■.irly 'ivinonstated in the investigations of 
pp .f»--. r r. •::.•. :«1 ••!. «li^e:L««s characterized by slowness of 

iiiitrilivc i-r-H >•*-. ... 

If *.:♦-!:.••':-:- T'*ir-'>'*1 Ky R<»uchanl had been adopted by 
I). .«:. r P»:» r-< I. .jt i Mr. K»'nn«llv. ihov would have been 
:!!.!. t . r-j-r: '.• :y -i:::. r-M r»>ull<. The pulse, temperature, 
r» -I >:•.•: •:.-. k:'»-'»rk. i.'l sul»iMn;\o sensations 'should of 
fn.;r^. r- ' • :•»■ . ir- f:. -fi iv. Liit it is onlv bv attention to all 

mm 

t}j« ']♦ t :!.- ! •■ '•: ^r<'!-' x:t rini» iits." and by a rigorous appli- 
<:iri*'i. "I ::.♦- ii.\ -i.-'."^:' :i' • •.•mi^try of digestion, assimilation, 
:iri<l • X. !• ■: i.. •; jT !•..:.;'?•!•' •];it;\ can Ik? obtained concerning 

tiM- :i.:! ■••:.'• .•: :: j:.''! • -rr*.-- "ii life prr^cesses. 

<)..::■ ;:i. ..••.;. ij. :' ':.. ::::;•:♦ r.-' --f niaixnetic stress on animal 
t .: ':■ ! -. :: 1 ^'J :; iv .. t. w .• jj, fj,». >tatenient from Doctor 
!'• :■ :- 1. .:: : Mr !<•::• '!y ..';■■:». I \u Art. 70. Indeed, it was 

ti;. :. M.iv. :-..!;y •••.■..■'.■..! :i;.it :ii.y ;u-ti«ui nn the human l>ody 
.••;:ri!'';*' 'i :■■ ::.._':.•';'• r!.i-;- -Vii- \vti..lly psychic. It WJis 
Ml.o'it ti.'- ::!..'• •': ■ !'•■ ■:•--'•!■ II- r'hi;;iii. «»f the I'niversitv of 
Mi'li'.'j-ii.. '"lm:. i.i- -•!:'> "f • !:i' "'rMi*' <-x|MTiment8 to deter- 
ii:iii«- li.'- ii;;:;:«i:' .- ..r ;i!T.ri.;itii l' ii.:iLMnti(^ fields upon the 
rii«t;itM.lir j, >•,,(•,--. - r.f t'i.i- i.'ii:;;iii MrLiaiiisin, and ujmn the 
;ir«)\\ili rui'I 'ifv»i"jiiii(i.T ■>! .Mi:iiii:ils. 

i:\im:i:imkn'1'^ n\ imjof. w. .i. itt:ri)Max. 

S2. T" iii\<>ii'j;«t«- tin- iiillnmc'' <»f allmiatini: magnetic 
li«'l«N upon man and aninial>, Prnf«s<nr Ilrrdnian caused to be 
ron-iructcd, in tiic Jal'oratory of tiir Tnivcrsity of Michigan, a 
solenoid .'^ feet in diameter, of No. 10 I'nderwriters' wire, and 
with a suflicient nuudxT of turns so tiiat a current-strength of 
5 ainj)en*s produced an av(trap; of <>'> C). (1. S. lines for each 
sqnan' inch of space in a plane cross-swting the sj>ace within 
the coil. The current eni[)loyed to excite the solenoid was 
ohtained from a Thomson- Houston alternating dynamo. This 
dynamo makes 21<S alternations a second. 

S»{. Fli*st StM'Ies of Kxperiments. — In the first series 
of experiments tlje influence of the alternating magnetic field 
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was (letemiined by the output of urea. Three subjects were 
chosen. Two were healthy young men, students of medicine, 
and the otlier was a man 38 years of age, suffering from 
paralysis agitans. He was otherwise in good health. For 
1 week before being submitted to the magnetic action, all three 
subjects were dieted, and the daily output of urea carefully 
estimated. During the next week, each man was placed com- 
fortably within the solenoid for 2 hours each day. The diet, 
mode of living, and all other conditions were the same as the 
first week, with the exception of the alternating field. A care- 
ful daily estimate of the urea was made. All the details of 
control- experiments were rigorously observed. There was no 
change in respiration, temperature, pulse, or arterial tension. 
The subject suffering with paralysis agitans claimed a soothing, 
sedative effect from the magnetic action, and this effect lasted 
for some hours after he left the solenoid. In all three cases 
there was an increase of 10 })er cent, in the urea eliminated 
during the second week over that eliminated during the first 
week. These three experiments show, then, a marked differ- 
ence in the anjount of urea eliminated during two consecutive 
weeks. As all the conditions were alike during both weeks, 
except the alternating magnetic field, the increased elimination 
of urea may be attributed to the magnetic action. 

84. Second Series of Experiments. — The second series 
of exj^eriments was instituted to determine the effect* of alter- 
nating magnetic fields in retarding or accelerating the growth 
of young animals. These experiments were made on rabbits 
and guinea-pigs. Two groups of guinea-pigs and rabbits were 
chosen as nearly alike in age and weight as possible. The con- 
ditions of living and surroundings for each group were similar, 
except that from 6 o'clock in the evening until midnight one 
group was placed in a solenoid actuated by a 5-ampere alter- 
nating current, and the other group was placed in a similar 
solenoid not actuated by any current. Each group of animals 
was treated in this manner until they had reached their full 
growth. 

Professor Ilerdman has l>een experimenting in this manner 
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>:i.i't l^'.'o. or 1 vear alter the communication of Doctor Peter- 
><>ii :tiKl Mr. Kt'iinelly to the American Electrotherapwutic Asso- 
^i.iti<»i.. Hi> L'i>ntrol-exp>eriments during these years have been 
!::.>!. V, :Mi'i ]iv Concludes fi\>m his investigations that magnetic 
t!:»:jy > in >.«njf way tmnsfomied into physiological energy, 
.11 J 1 il. - i\< rr;i>r.l j»liysiological energy manifests itself in the 
iiirt;.-. i ^^ti;:l.!. iiKTrased growth and development of the 
.;' .11 .. - » \j'irin,« i;trvi on. and in the increased elimination of 
•a ::. :i .i. . Vt»i:, iln-se experiments on animal? and man, 
: » wiM.. : r^^...|•l ilii voiK'lusion that ahernating magnetic 
: • •!> ..n I .r.ivk' ni d i:>!iiue-nietalK>lism stand in the relation of 

I': ti^vv.! llt:.:!nan i> ^lill engaged in this line of investi- 
- li': -. :: «Titr t<> >aii>fy lii in self and all others who may be 
i I- r- -It i ::. lit -;.';<!.: a> lo ilio genuineness of this relation- 
-: :i' .f \::..; .-viiviTv of animal organism to magnetism. In his 
:» ' • It • \j < :.M.« i.i>, thv linit' during which the animals were 
-;:''':i.i::' i to n;;iLM.»tii action was lengthened from 7 hours to 
U "! 11 Ij.'V.r- t;i.;h dav. Afit-r a few davs, the animals sub- 
nr:*tcd i» liii- !i,ji:i.«iic inllr.rnct >lu)wed signs of exhaustion. 
'1 hrv )m (\init' inariivc, and sal huddlcil together in one side of 
tlif soKnoid. The contn»l animals in the adjoining solenoid 
wfie active and liwlv. At tlir end of 4 weeks, some of 
the animal- ditd: and at the end oi o weeks, all of them had 
succuml»ed. 

TIm^tic recent experiments teach that the lime during which 
tli(* animals were placed daily in the active solenoid was too 
long. ()v( istimulation was produced, and the animals died of 
cxliaustion. It was, of course, to ]>e expected that if a few 
hours daily in an active solenoid (|uickened tissue- metabolism 
20 or 30 per cent., 12 or 14 hours, daily, in the same active 
solenoid must rapidly exhaust the resources of the tissues and 
produce death. From these experiments, conceived and carried 
out hy Professor Herdman, a rational method of treatment for 
(liscaiseH characterized by suboxidation or retarded metabolism 
should follow. 



§ 6 OF DIRECT CURRENTS. 89 



EliECTROIiYSIS. 



INTRODUCTION . 

85. There are two methods of investigating the relations of 
electric currents to living animal tissues — the physiological and 
the physicochemical. The physiological method has been 
employed almost exclusively in investigating the influence of 
electric currents on the functions of different organs, and in a 
particular manner on the activity of nerves and muscles under 
the influence of constant and varying electric- current densities. 
In this respect it has been established beyond further question 
that electricity is a nerve irritant capable of extraordinary 
gradations. Applied to a motor nerve, it produces muscular 
contraction; applied to a sensory nerve, it produces sensation; 
applied to a secretory nerve, it produces secretions. We can, 
by means of electric irritation, better than by any other form 
of irritant, increase or decrease nerve irritability and accelerate 
or inhibit nerve conduction in any part of the nervous system. 

This method of investigation has been brought to a high 
degree of perfection by physiologists, and we owe to it the 
doctrine of electrotonus, our knowledge of electrodiagnosis, and 
the prominent position occupied by electrotherapy in the treat- 
ment of diseases of nerves and muscles. While this great work 
in physiological research of neuromuscular irritability by 
means of electric currents was going on, physics and chemistry 
had accomplished very little with reference to those phenomena 
by whii^h electric currents are conducted through animal 
tissues. 

Within the last decade physical chemistry has made great 
progress. The modem doctrine of the ionization of salts in 
solution enables us to follow the molecular changes that take 
place in living tissues under the influence of the direct current. 
This has created a new or second method of electromedical 
investigation, which in contradistinction to the physiological 
method is called the physicochemical method. The physico- 
chemical method has for its basis the electrochemistry of 
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mobility of the ions, and therefore the smaller is their migration 
velocities. The current has further work to perform at the 
electrodes; it muf-t neutralize the ions that are attracted to the 
electrodes, either by drawing away the charges that cling to 
them or by forming new ions from the material of the electrodes. 
We can represent the compositions of an iaqueous solution of 
sodium chlorid schematically; thus, 

+ - 

(6) Na CI (c) 

NaCl 
(a) 

In this schema, 

(a) ^= non- dissociated molecules of sodium chlorid; 

(/>) =z positive sodium ion; 

(c) = negative chlorin ion. 
All other salts, also acids and bases, whose watery solution 
conduct electric currents, beliave in the same way. Nitrate of 
silver is decomposed into the i)08itive silver ion, Ag-ion, and 
the nitric-acid ion, iVOj-ion; chlorate of potassium is decom- 
posed into the positive potassium ion, A'-ion, and chloric 
acid ion, CTO,-ion. Acids are characterized by the fact that 
they are decomposed in a watery solution into positive hydrogen 
ions, and at the same time characteristic negative ions arc formed 
for each acid. The ions of hydrochloric acid are the positive 
hydrogen ions, /7-ions, and the negative chlorin ions, CV-ions; 
those of nitric acid are the positive hydrogen ions, /7-ions, and 
the negative nitric-acid ions, A'0,-ions; those of acetic a(^id are 
the positive hydrogen ions, //-ions, and the negative acetic- 
acid ions, Cll^CPy 

87. Bases and Acids. — Bases are combinations that in 
a watery solution decompose into negative hydroxyl ions, 
0//-ions, and at the same time form characteristic positive ions for 
each base. Caustic potash is decomposed into negative hydroxyl 
ions, 0//-ions, and positive potassium ions, A'-ions; caustic soda 
into negative hydroxyl ions, O/Z-ions, and positive sodium ions, 
Ao-ions. A watery solution of ammonia is decomposed into 
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n^ative hydroxy! ions, Oil-ions, and positive ammonia ions, 
iVi/^-ions. This separation of a compound chemical substance 
in solution into ions having equal and opposite electric charges 
belongs to the act of dissolving and has nothing to do with an 
E. M. P. applied from without. 

Sodium chlorid dissolved in water ionizes, that is, separates 
into its two ions, sodium and chlorin, and the solution thus 
formed is an electrolvtic conductor. 

88. When sugar or urea is dissolved in water, it does not 
ionize, that is, separate into its components, and the solution 
thus formed does not conduct electric currents. Absolutely 
pure water or pure sulfuric or hydrochloric acid, does not 
conduct electricity. If the acids, however, are diluted with 
water they make excellent conductors, that is, their molecules 
ionize. Water is never primarily decomposed when a current 
is passed through aqueous solutions of electrolytes. The con- 
ductivity of naturally occurring water is to be attributed to the 
presence of alkali salts in it It must be clearly understood 
that the primary action of an electric current when passed 
through a liquid conductor is to separate the two parts of the 
electrolyte; hydrogen and the metal (cations) move toward the 
cathode, while the rest of the electrolyte (anions) move toward 
the anode. 

It occurred to Faraday to send the same current through a 
series of electrolytic cells arranged one behind the other and 
containing different electrolytes. It thus became possible to 
make ciuantitative comparisons of the changes brought about by 
the same quantity of electricity in motion. In this way 
Faraday determined that the amount of chemical action is 
equal in all parts of a circuit and that the amount of any ions 
liberated in any given time is proportional to the strength of the 
current and to the chemical equivalent of the ion. This, with 
the theory of solution of vanH Hoff and the electrolytic disso- 
ciation of Arrhenius, is the basis of all work in electrochemistry. 
The law may be expressed as follows: All movement of elec- 
tricity in electrolytes takes place only l)y the concurrent 
movement of the ions in such a way that equal amounts of 
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electricity cause chemically equivalent amounts of the different 
ions to separate. 

From this point of view, then, the electric current loses its 
abstract character. We can see the whole extent of electric 
conduction and its actions. We know beforehand what must 
happen under certain conditions if we are sufficiently acquainted 
with the composition of the conducting substances. 

The quantitative phenomena of electrolysis can be calculated 
from the fact that 1 gram equivalent of the ions carries with it 
96,537 coulombs of electricity, as has been determined by 
experiment. One coulomb causes, then, .000001036 gram of 
hydrogen ions to separate; hence, it will cause .000001036 X a 
grams of any other element to separate, where a is the equiv- 
alent weight of the element. In the case of sulfuric acid, 
H^SO^y there are two positively charged hydrogen ions to each 
negatively charged SO^ ion. It is assumed in that case that 
the ion of sulfion, SO^^ carries two negative charges, which 
it loses when it comes in contact with the oppositely charged 
electrodes. In the case of ferric chlorid, FeCl^ the cation Fe 
carries three charges of positive electricity, since each of these 
anions CI carries one negative charge. 

The strength of acids and bases depends on the degree of 
their electrolytic dissociation. An acid or a base is stronger, 
the greater is the concentration of the positive hydrogen ions 
in relation to the negative hydroxyl ions in its watery solution 
when similar molecular quantities of this combination have 
been dissolved. 

89. Cations In Physiolosrical Fluids. — Ions belong to 
a determined class of chemical substances. The inorganic 
elements that in the body appear only as cations are known in 
chemistry as alkalin metals. They are principally : Hydrogen, 
H\ sodium, Na\ potassium, K\ calcium, Qi; magnesium, Mg^ 
and ammonium, JSH^, These ions are always charged with 
positive electricity, and their principal function is to remove 
from the body the inorganic anions formed through oxidation 
processes. They are accordingly found in large quantities in 
all cells, fluids, and secretions of the body and always appear 
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witli i-«j'::vLi!»!it «juaniitif't c»f anions, which come partly from 
witL.'i:: .vi.i jiartly fn.iii the oxidation processes within the 
iH.<iy ri.tv ;.ri' ilirrtfort' of the greatt?st importance in the 
n:t:a?»'»lisi.'. ••!. !:v:i.l' tissue^, and their diminution is always 
for..>\VL*>i 1 V ii.o;f ..r N'*-^ •listiirhance. 

T:.. -» .:: •: - i...v. i .» particular action on the body so long 
.1- :i • \ ■ \>: i: :/vtt I'Mttil s«»hiti(>ns. In a concentrated con- 
«1: •: •••> I • > < '>:r -ivts. princi|>ally by the extraction of 
\\..'.'! :: :\. ::.« •>-:•-, :v:..l tljt're>»y cause changes and disturl> 
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V:.v :k ..::.v. -^'l.;!>:!:ty .f ihoc cations with anions of different 
>.ilt.- > ■ : :!.t L::tat«>! ::::|' -rtancc. The ammonium salts are 
ii. : j:. .':«_.. ^ ...... : with <alcium and magnesium salts 

li.i- i- •. '! .. .\ .y- {:.•■ .-. Willi certain salts of calcium, the 
I'i. -'. i :. : : « \ :; I . !:• ii;M« < alciuiii the sidt contains the 
'< -- -■■ . ' : - r •> .!:•■::. ati'»]i is frecjuently formed in 
\\'.'- y-K..- a- :. '.'■■■:!':'..::« wi-.rw concviiiralion goes beyond the 
111:.:'-- « -t >. ':..' ."'.: v 

\H). Anion*- in rh.\ --i«>lotrii«al Tluids. — The inorganic 

« 1< II ri.I- 1;.:.! . ;;m av \\: t;,. l.-niy ;i< ai:i(Hi> belong tO the grOUp 

lii-i'/i::'.!, .1 :!i » iiiiii-try a- nictall.'i.l>: ilicy are: Ogygen, 0; 
i'ail'>ii;. ' ■; ilil-'iii:. ("; iMt'ihlii. Ilr: j.MJin, /; sulfur, 5; phos- 
plu'ii;-. /'. ilir iij.'st important of tlu.-c appearing in the body 
as an anion i> «»\yL^»'n. 

Tlhx' ( ltniriit> can conibiiu' <lin-('tly ritlicr with hydrogen or 
nutaU t" form livdratcs or metallic salts, or thov can combine 
with oxyLMii. forming' anions of aiid radicals; the most important 
«»t" the lir.-i arc hydrochloric acid, Jli'L then the chlorids of 
the alkalin metals, i\CL A'^KV, ('(;(7.., M(/(1..\ of the second, 
those of impt)rtance are sulfuric acid, Il^iSO^: phosplioric acid, 
UJ'O^', nitric acid, 7/.^A7>3: and carbonic acid, ///'O,. Cblorin, 
broniin, and iodin can appear in cond)ination with oxygen, 
but their action is then altogether diiYerent, Potassium chlorid 
acts tpiite dilYerently from potassium clilorat within the tissues. 
The chlorid is almost without action within the tissues, whereas 
the chlorat has a very deleterious action on the red bUxid 
corpuscles. Oxyj^en couibiuutions with bromin and iodin behave 



- ' - ' ' ' I l| i ■ ■ J Mil II . I IH ^wji— ^■^B—pt^ip^ 



§0 OF DIRECT CURRENTS. 95 

in the same manner. Solutions of hydrogen or metals in 
combination with sulfur or phosphorus have a very energetic 
action on the tissues of the body, while those of oxygen com- 
binations are much less, as they are being constantly eliminated 
from the body. In this respect the solidity of the chemical 
compounds plays an important part. The combinations of 
chlorin, iodin, and bromin with metiils, as Na Clj KBr^ KI^ 
are very solid combinations, while the oxacid combinations of 
chlorin, bromin, and iodin are not; the oxacid combinations 
of sulfur and phosphorus arc very solid. Carbon appears in the 
body as an anion in combination with oxygen; the combinations 
of carbon with hydrogen, oxygen, and nitrogen in organic chem- 
istry arc for the most part very poor conductors of electricity. 
All the fluids of the Imdy contain a surplus of alkalin bases; 
acids, however, do not appear as such, but in combination with 
alkalis, and are only found in the secretions of the body as 
excretory products. The conductivity of electrolytic fluids of 
the body depends on their contents in acids, salts, alkalis, and 
water. All electrolytic fluids of the body contain ions that are 
charged with enormous amounts of electricity. When electrodes 
are applied to the body they become charged by the current that 
passes to them, and attract or repel electrostatically the charged 
ions in solution, since like charges repel and unlike charges 
attract one another. The ions are separated in this way and 
gather around the electrodes. As soon as the difference of 
potential of the two electrodes becomes great enough, the ions 
give up their charges and assutne the ordinary state of elements. 

91. In the case of the conduction of a current by a metal, 
it is necessary for equal currents of positive and negative elec- 
tricity to go in opposite directions. In electrolytes this was 
found by Hittorf to be unnecessary. It is always necessary 
however for the solution to contain equal amounts of positive 
and negative ions, and as long as this condition is fulfilled, the 
conduction may take place by the movement of equal or 
unequal amounts of the positive and negative ions. If the unit 
quantity of electricity is passed through the solution, one-half 
may be transported by negative ions and one-half by positive 
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on<*s, or threo-foiirthfl by negative and one-fourth by positive, 
etc. In other words, it h«i8 been found that ions are moved 
witli varying volocitios by the electric current, and their velocity 
(hpoiids on tlie kind and number of atoms that the ion contains. 
11 1 is rt'^nlated movement of ions toward the poles of the solu- 
tinii constitutes the electric current in which each chemical 
((luivalent of an anion carries a like quantity of negative 
( lc( tricity to tlie positive pole, and each chemical equivalent of 
cati<»n carries a lik«* (juantity of positive electricity to the 
nc^'Mtive |)ole. Tlie transport of ions in electrolytic conductors 
from [)olc to pole is tlierefore inseparably associated with the 
transport of electricity. 

It is v( ry important to know what becomes of the ions when 
tht'V reacli tlie ])olrs of tlie electrolytic solution. Here two con- 
<litions must l>c considtTcd. If the metallic terminals of the 
elrctric current art" placed directly into the electrolytic solution 
(in tlii.s case solution of Xail), the ions will give their electric 
clwn^rcs t«> tln' metallic terminals or electrodes, and thereby lose 
their ion <pialitics. The sodium ion becomes sodium metal, 
and the cldt)rin ion l»ecomes clilorin gas in statu nascendi. 
l)('privc(l of their ehutric charges, the ions behave differently 
ac(M>nling to their usual chemical allinities. They either enter 
into comhination with surrounding substances or they separate 
themselves unchanged from the solution in the form of gas 
or metal. If, however, the metallic terminals or electrodes are 
separated from the ehi'trolytic solution by another fluid con- 
ductor, the ions retain their (Oectri(; charges and pass unchanged 
into this lluid conductor. In consequence of this there is 
an int(Tchange of ions between these tw^o fluid conductors. 
The positive j)ole, or terminal, repels cations from its solution 
into the other electrolvtic conductor and attracts anions from 
that conductor. The negative i)ole, or terminal, repels anions 
from its iluid conductor into the other fluid conductor and 
attracts cations from that conductor. The electric current pro- 
du(;es at the surface of contact of the fluid conductors, substitu- 
tion products out of the component parts of both electrolytes. If 
we take, for example, a solution of sodium chlorid and apply 
at both poles a solution of iodid of potassium, on passing an 
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electric current on one pole of each solution chlorid of potassium 
will be formed, and on the other pole of each solution iodid of 
sodium, as substitution products of new formation. 

These two conditions — the metallic terminals placed into the 
electrolytic solution and metallic terminals separated from 
the fluid conductor by an intervening fluid conductor — are 
extremely important and should be clearly understood by the 
student, because they are accurately realized in the routine 
applications of the direct current in therapeutics. The first of 
these conditions is realized when metallic needles are inserted 
into the tissues of the body, and the second when the metallic 
base of an electrode is separated from contact with the body by 
means of a compress of gauze, cotton, or amadou saturated with 
some electrolytic solution. 

The electrolytic current applied from without has nothing to 
do with the separation of a compound chemical substance in 
solution into its two ions, which are loaded with opposite and 
equal electric charges; this is affected by the act of dissolving. 
When there is a sufficient difference of potential created at the 
poles the electric current separates the ions in obedience to the 
electrostatic law — like charges repel, unlike charges attract. 
The negatively charged ions are attracted by the positive pole 
and the positively charged ions by the negative pole. When 
the ions reach their respective poles they give up their electric 
charges and assume the ordinary state of elements. In this 
state they enter combinations with surrounding substances and 
to the changes that they produce at the electrodes the name of 
electrolysis is given. 

ELECTROCIIEMICAI^ C^FIAKGES IN THE SKTN. 

92. If we place platinum electrodes having an area of 
1 square centimeter on the dry skin and allow a direct current 
of 2.5 milliarapere to pass for 1 minute, there will be pro- 
duced in the skin beneath the electrodes punctiform transparent 
corrosive action. This action on the skin is electrolytic and is 
entirely due to the action of the direct current. When we 
speak of the human body as an electrolytic conductor, we refer 
to solutions of its inorganic salts, chiefly sodium chlorid. The 
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t !j icil explanation of the cauptic action on the skin 18 
itio ariil is !nmml at the anode and caustic soda at 
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^a:»- ihr ipianlity of electricity used in this experi- 

1 I Ml ~ .16 coulomb. 

: t iivirioity fonns on the anode .00005478 
. . id anil on the catho<le .00006 gram caustic 
: :i •:! into the skin of these (jnantities of 
:...::«• a. ill prmluces manifest disturbances 
i:<tnrKance in the skin is due to the 
: irritative ions may be proved in the 
i.t nth the electrodes compresses of 
( •in press l>eneath the anode with 
• Si«lution and that beneath the 
> >,:tii>n of caustic swla and allow 
; ..-> for the same time, the ri^sults 
• <;\:r.o. If no current is passed 
v\^r.tact of the saturated com- 
- : :- i.ro tlierefore due to the cur- 
-::.Mij:er or weaker or the 
' '! itijuire a correspondingly 
;: t >anio n*sult. This experi- 
application of Fara- 
i'! Somali quantities of 
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• ; ".^x t'A^des and the skin com- 
. \'.-: i\^!v presses with a 5-per- 
1: ;; .v.:i\: i^urront of 2\ milli- 
*;;:;:. '.l.o viivuit thus formed, 
. i\ tin»ri\l l»y shining eleva- 
: '., !'. .M*. tl.o following day form a 
-• r , M-.s^,* »!-r',>* IS r.o laustiv* notion even when 
' » ; ^M\v'-^ oi tl^o I'urivut rtnMnv^n\isi\l. 

•* * * ' » > ' >- »«^ N»x .^^ \]w dilTeivnoe in polar action is to 

^ ' \ \ ^ sy * M,^.^J I h«'nu>lry. I>ut in eUs'tnH'hemistry. 

N^ * »' \^ <» 'v» . M^ VMS )\rno«nv» a\\HtnIing to Faraday's law, 
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that when a direct current passes tlirough an electrolytic solu- 
tion all tlie anions are moving toward the anode and all the 
cations toward the cathode. The conducting fluids of the body 
may he represented as a solution of sodium clilorid. We 
have then: 

Before the Experiment. 
Anode. Phymdoywid Fluid. Cathode. 

N(i Xa Xa Xa Xa X(t Xa Xa Aa Xa Xa Xa 
on Oil OH OH CI CI CI CI OH OH OH OH 

After the Experiment. 
Anode. Phyaloloymd Fluid. Cathode. 

Xa Xa Xa Xa Xa Xa Xa Xa Xa Xa Xa Xa 
OH OH OH OH CI CI CI CI OH OH OH OH 



The current has produced the following changes: At the 
anode 20 H have been separated from the body and at the 
cathode 2Aa have been sej)a rated from the body. From 
the contact surface between electrode and skin on the anode 
side lAa luis entered the body and 10// has left it. This 
process has formed IXaCl in tlie solution on the electrode, 
while in the body no change has taken place. 

From the surface of the contact between the electrode and 
skin on the cathode side lAa has left the body and 10// has 
entered it. This process has not changed the soda solution on 
the skin but it has formed caustic soda in the body itself, and 
to the formation of IXaOH within the body must be attributed 
the caustic action of the skin. The electrochemical explana- 
tion of the polar action enables us to form important conclusions 
of a practical nature. If the laws of electrochemistry are 
applicable to living tissues (and this seems very probable), we 
can by a proper arrangement of solutions of acids, alkalies, and 
salta, and in fact of all electrolytic solutions, introduce them 
through the uninjured skin into the body. The (juantity of 
the electrolyte introduced into the body will depend entirely on 
the duration and strength of current. 

94. If the compresses are saturated with a 4.5 i>er cent, 
hydrochloric-acid solution and a current of 2.5 milliamperes is 
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employed for 1 minute there will be beneath the anode trans- 
parent pin-head elevations that on the next day form a cruet. 
On the cathode side there is no change. The following 
schema will explain the changes that take place: 

Before the Experiment. 

Anode. Physiological Fluid. Cathode. 

H H H H Na Na Na Na H H H H 

CI CI CI CI CI CI CI CI CI CI CI CI 

After the Experiment. 
Anode. Physiological Fluid. Cathode, 

H H H H Na Na Na Na H H H H 
CI CI CI CI CI CI CI CI CI CI CI CI 

From these experiments it is clear that by employing different 
ions on the electrodes we can produce different chemical actions 
in the skin. The hydrogen ions of hydrochloric acid enter the 
skin from the anode and produce violent irritation; the hydroxy] 
ions, Oif, of caustic soda enter the skin from the cathode and 
produce violent irritation also. On the other hand, the sodium 
ions that enter the body from the anode, and the chlorin ions 
that enter the body from the cathode, produce no irritation in 
the skin. 

These ions represent two extremes, one set producing no 
irritation and the other, violent irritation. Between these 
extremes there is a wide range of irritant action, according to 
the ions employed. The most irritant ions introduced from the 
cathode are the hydroxyl group, while next come the acid 
radical group; this latter group forms sodium salts in the tissues 
and is comparatively well borne. In this way iodin may be 
introduced from the cathode from a solution of potassium iodid 
so that it can be detected in the urine and witliout producing 
any irritation of the skin other than transitory redness. Other 
acid radicals produce inHanirnatory irritation with pigment 
formation. For the anode, we have for consideration chiefly 
the metal ions. Their action in the tissues corresponds to the 
actions of the different metal chlorids. For .some of these living 
tissues have great tolerance, as, for example, sodium chlorid; 
others produce inflannnatory reaction, as Ca; while still others 
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cause necrosis with either liquefaction of the tissues, as Zn, or 
with mummification and characteristic pigmentation, as Fe, Ni, 

95. Application of Faraday's !La^^s to Therapeu- 
tics. — This application of Faraday's laws to the therapeutic 
uses of the direct current is of the utmost practical importance 
in two respects: 

1. By using ions that do not irritate the skin, as sodium ions 
for the anode and chlorin ions for the cathode, we can employ 
greater current-strengths for longer periods without causing 
electrolytic destruction of the skin. In this way Frankenhauser 
(to whom the original work in this line is due) used 50 
milliamperes for 6 hours and higher intensities for shorter 
periods. 

2. The majority of medicaments may be introduced into the 
skin over selected areas and in doses regulated by the strength 
of current and the length of the application. The medicament 
may be in solution on the ordinary electrode or in water in the 
form of the hydro electric bath. The use of Faraday's law in 
therapeutics is of especial value in dermatology. 



INTERPOIiAR KJjBCTROCHEMICAIi CHANGES. 

96. The phenomena of the transport of ions under the 
influence of the direct current suffice to explain not only the 
polar but also the interpolar and electrotonic effects. The 
human organism is not a homogeneous body. Chemical changes 
take place between molecules all along the circuit. These 
changes in the interpolar area were pointed out by M. Weiss in 
1890 and later by Hermann and other physiologists. The current 
is conducted through the body either through different parts of 
the same tissue or through different tissues in juxtaposition. 

The changes that result from the transport of ions in the 
same tissue do not modify the composition of the tissue, 
because for the same tissue the composition of the fluid of each 
cell is uniform. In consequence of this, each part cedes to the 
following what it receives from the preceding; in other words, 
each cell gives to the following cell what it received from the 
preceding cell. When the changes take place between different 
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tissues in juxtaposition, the chemiwil composition of each tissue 
is modified because the licjuids that impregnate the tissues 
differ from one tissue to another, so that eacli tissue receives 
from its neighbor elements foreign to its composition. 

The human body is composed of half solid elements that are 
impregnated with and surrounded by liquids. Between these 
elements, cells, and the surrounding liquid there is an incessant 
interchange of water and of organic and inorganic substances 
in solution. The current in its j)assage through the body 
modifies the constitution of liquid that impregnates each tissue. 
These modifications are evidently in proportion to the intensity 
of the current employed. If these effects are diflScult to appre- 
ciate in an objective manner when the direct current is applied 
to the human })ody in ordinary therapeutic applications, it is 
altogether different when high current-intensities are employed. 
The ions transported under the influence of high current-inten- 
sities can produce considerable disturbances in the tissues, and 
even death, as has been established by d'Arsonval. 

As a result of the chemical action, polar and interpolar, there 
is produced an E. M. F. of polarization that acts in an inverse 
sense to the original current. One can demonstrate this E. M. F. 
in every galvanic application. To do this it suflices after the 
current has passed for a certain time to leave the (electrodes in 
position and connect them with an external circuit that includes 
a galvanometer; the needle of the galvanometer will be deflected. 



CATAIMIORESIS. 

97. The fact has been long known that a movement of 
electrolytic fluids compitrable to osmose takes i)lace in the 
direction of flow of the current, namely, from the positive to 
the no*rative pole. Fluids can in this way be made to pass 
througli membranes or ]K)rous diaphragms against the force 
of gravity. Solid jiarticles are also carried with the current. 
The globule of mercury, as illustrated in the glass tube. Fig. 27, 
can be moved back and forth with the current, and when the 
tube is somewhat inclined the globule is forced with the current 
against gravity. If a direct current is passed through a piece 
of muscle removed from the body, the negative end will become 
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swollen from the accumulation of fluids and solids there, and 
the jK)8itive end will become dry and mummified due to the 
action of acids and absence of fluids. 

A good picture of the cataphoric action of the direct current 
may be obtained in the following manner: Place platinum elec- 
trodes (^ square centimeter each) on the surface of the forearm. 
Between the platinum and the skin at the anode, place a com- 
press of filter paper saturated with a solution of sodium bicar- 
bonate; and place another compress saturated with a solution of 
hydrochloric acid between the platinum and the skin at the 
cathode. After the passage of the current the difference between 
the skin at the anode and cathode is very evident. Where the 
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anode was placed the skin is sunken in and shriveled; where 
the cathode was placed, the skin is swollen, white, and edema- 
tous. In this experiment, by introducing sodium ions, which 
are well l)onie by the tissues, from the anode into the body and 
chlorin ions, which are also well borne by the tissues, from the 
cathode into the body, we prevent electrolytic action in the skin 
and obtain cataphoric effects. Cataphoresis lias received con- 
siderable attention, and much importance has been given to it 
in electrotherapeutic textbooks. 

We have seen that an electrolyte is partly separated 
into its two ions, which are loaded with e(|ual and op|>osite 
electric charges, and that when a direct current is passed 
through this solution the positively charged ions, according 
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to the law of Faraday, move to the negative electrode and the 
negatively charged ions move to the positive electrode. All 
the molecules of an electrolyte, however, do not separate into 
their two ions; a certain number for each substance remain 
entire. These unchanged molecules are important, for they are 
responsible for the cataphoric action of the direct current. At 
the same time that the direct current aiuses the anions to move 
toward the anode and the cations toward the cathode, it also 
causes the unchanged molecules to move in the direction of the 
current — from the positive to the negative pole. Catapboresis 
may, therefore, be defined as the transport of the unchanged 
molecules of an electrolyte in solution in the direction of the 
current 'from positive to negative pole. 

98. For the most part the introduction of medicaments 
into the body is a property of electrolysis and takes place in 
accordance with the law of Faraday— anions move toward the 
anode and cations toward the cathode. The movement of the 
unchanged molecules or catapboresis is also important and 
deserves special mention. 

The transport of the unchanged molecules from pole to 
pole takes place only under the influence of a certain amount 
of electric energy. In order to be of service therapeutic- 
ally, the current must move the unchanged molecules not 
only in one electrolyte, but also from one electrolyte into 
another. The resistance of the direct- current circuit increases 
with the duration of the current. This is a very important 
consideration and must be provided for in catapboresis. It is 
a demonstrated fact that the direct current forces molecules of 
one electrolyte into another electrolyte when the first is a better 
conductor than the second. In practice, therefore, the fluid 
with which the electrode is saturated must conduct better than 
the body. Another fact that must be considered in the practi- 
cal application of catapboresis is that under the influence of the 
direct current the molecules of a \n)or conducting solution 
move more rapidly than those of a better conducting solution. 
From this it follows that there will be a zone in the body 
(poor conductor) beneath the anode from which molecules have 
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departed before their place can be taken by molecules from the 
fluid of the electrode (better conductor). There results then 
beneath the anode a drying process, which means increased 
resistance. This resistance will be able to reach a maximum 
when the conductivity is 0; cataphoric action will then cease. 

99. In using cataphoresis therapeutically, current direction 
should be changed every 5 minutes in order to reduce resist- 
ance, and both electrodes should be saturated with the medica- 
ment that it is desired to employ and should be placed close 
together on the surface that it is intended to influence with 
the medicament. 

As the quantity of medicament that can be introduced is at best 
small, the solution should be concentrated. The voltage of the 
current should be relatively high, 15 to 20 volts, and the current- 
strength relatively low; 5 milliamperes should not be exceeded. 

Regarding the distribution of medicaments introduced into 
the body in this manner, it must be understood that the current 
carries them no farther than the vascular layer of the skin. 
When medicaments reach the vascular layer of the skin they 
are taken up by the lymph channels and transported to all 
parts of the body. We may, therefore, expect as a result of 
cataphoric medication either a local or a general action. To 
reach tumors situated in the deeper structures of the body, as 
in the liver, by the local action of cataphoresis is entirely out of 
the question. Both the local and general action of various 
drugs introduced into the body by cataphoresis are at times 
urgently demanded; its technique should therefore be familiar 
to every physician. The drugs most frequently employed in 
cataphoresis are the corrosive chlorid of mercury, 2-per-cent. 
solution potassium iodid, quinin, cocain, and arsenic. 



GAL.VANOCOCAIN ANESTHESIA. 

100, Method of Application. — Neither the electric cur- 
rent nor cocain separately applied to the skin produces complete 
anesthesia, but a solution of cocain used upon the positive pole 
will produce a decided anesthetic local effect. A 15- or 20-per- 
cent, solution of cocain in water may be used in the following 
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manner: Fill the reBervoir of the block-tin electrode, shown in 
Fig. 28, with the cocjiin solution. Cover the perforations in the 
electrode with a ])iece of blotting-paper, alpo saturated with the 
solution, and apply the electrode to the skin. Make the elec- 
trode positive, and turn on, through the rheostat, a current of 
5 milliamj)eres for 10 minutes. With an 8-per-cent. aqueous 
solution, at least 10 minutes will be required to produce local 
anesthesia. The negative pole is held in the hand of the 
patient. Aqueous solutions of cocain have been used with very 
good results for the relief and cure of very obstinate forms of 
neuralgia. Cocain used in this way will find many applications 
in routine practice. It does not, however, when dissolved in 
water, produce sufficient anesthesia for the performance of 
minor surgical operations. Before applying the electrode armed 
with aqueous solutions, the skin sliould be first freed from its 
fats by thorough washing with soap and water. 
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101. Gualacol Solutions. — (Jalvanococain anesthesia 
produced with an 8-i)er-cent. solution of cocain in guaiacol is 
profound, and luus very much facilitated all the operations of 
minor surgery. (Talvanococain anesthesia with the 8-pcr-cent. 
guaiacol solution is produced in the following manner: In 
using the guaiacol-cocain solution, no preparation of the skin 
is necessary. Tluj reservoir of the block-tin electrode is first 
filled with the soluti(»n, nnd the* perforations covered with a 
circular ])iece of blottin^-i)aper saturated with the solution. 
The electrode is niadi' positive, and ai)i)lied gently but firmly 
to the part to be anesthetized. The negative electrode is held 
in the i)alient\s hand. Turn on through the rheostat a current 
of from 1 to 3 niilliami)eres. This will in 2 or 3 minutes pro- 
duce j)rofound cocain anesthesia, which will last for 30 minutes. 
A rheostat and a niillianinietcr art- ncccsstirv in the circuit. If 
the '.urrent is gradually turned on through the rheostat, and 
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after 3 minutes' duration gradually turned off in the same 
manner, the patient experiences absolutely no pain. Eight per 
cent, is the strength of the solution generally employed, hut it 
may be used with perfect safety as strong as 30 per cent. Up to 
the present time there have been reported no cases of consti- 
tutional effects ascribed to the use of cocain in this manner. 
Electrodes of different sizes and shapes are manufactured, 
adapted to the extent and location of tissues to be anesthetized. 
The guaiacol seems in some way to localize the action of cocain, 
and to prevent its diffusion into the general system. 

1 02. It is claimed by some authors that the introduction of 
cocain into the tissues by means of the direct current is an elec- 
trolytic and not a cataphoric action. Doctor Price is of the 
opinion that the underlying force in cataphoresis is simple 
electrolysis. He believes that cocain is split into ions first and 
that the electronegative ion is the part that enters the tissues 
and produces the anesthetic effect. If it can be shown that the 
electronegative ion of the cocain solution is an anesthetic, 
then the theory of Doctor Price becomes most plausible, and 
instead of this process being a cataphoric action, it is electrolytic 
pure and simple. There can be no doubt that electrolysis 
is going on to a large extent; this is perhaps the greatest part of 
the action in the cavity of a tooth, as is shown by the active 
liberation of gas and the rapid change to a strong acid reaction. 
We believe, however, that following the law of electrical 
osmose a portion of the cocain is carried into the tissues without 
having suffered decomposition. 

The laws governing electrolysis are fixed and in like manner 
are those governing osmose. Both processes are going on at the 
same time, but as the anesthetic pro})erty of the electronegative 
ion is not yet demonstrated, we feel justified in attributing the 
anesthesia to the cataphoric action of the direct current. 
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METAIililC INTERSTITIAIi EliECTROIiTSIS. 



POLAR ACTIONS WITH BARE ELECTRODB8. 

1 03. When clean metallic plates are placed in contact with 
cutaneous or mucous surfaces or when metallic needles are 
plunged into the tissues, electrolysis of the tissues takes place, 
the amount of which will depend on the intensity of the cur- 
rent and the duration of its flow. The chemical processes that 
take place imder these conditions cause accumulation of acid 
ions at the positive pole and alkalin ions at the negative 
pole. The j)ortion8 of tissues imme<liately beneath or around 
the electrodes are thus destroyed and become separated from 
the unaffected tissue by a line of demarcation. The extent and 
consistency of the eschar will be greater or less, depending on the 
polar action that produces it. Electrolytic action that is 
brought about at the positive pole is known as anodic 
elertrolys-iii, while caihodic electrolysis refers to the action produced 
by the negative pole. 

In the body, constituted so largely of water and various 
salines in solution, the anions that appear at the positive pole 
are oxygen, chlorin, and the acids; the cations at the negative 
pole are hydrogen and the bases. If these are disengaged in 
sufficient quantity the caustic effects are characteristic at 
each pole and have been s]>ecially a]>plie(l in therapeutics by 
Tripier and Apostoli under the name of galvano-chemic 
cauterization. 

104. The different methods of making use of the chemical 
action of the direct current depends on the following 
experiments: 

Insert two platinum electrodes into fresh egg albumen and 
allow a direct current of 50 milliamperes to pass. Bubbles of 
gas will be evolved at both poles. At the anode, coagulation 
will take place, while at the cathode the albumen will be 
liquefied. Cojigulation characterizes the action of the positive 
pole and licjuefaction that of the negative pole. 

Insert two steel needles into a piece of beef muscle; connect 
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one with the positive pole and the other with the negative pole 
of a direct-current source, and submit the beef muscle to a cur- 
rent of 100 milliamperes for 2 minutes. Bubbles of hydrogen 
will escape from the track of the negative needle accompanied 
by a hissing sound. The positive needle is firmly fixed in the 
tissues and is withdrawn with diflSculty. If an incision is 
made into the beef muscle alongside the negative needle it 
will be found to be surroundjed by a cavity containing liquids 
and bubbles of hydrogen gas. This needle is as bright as 
before the experiment. If the positive needle is allowed to 
remain in place and cut down upon, it will be found to be 
corroded and firmly fixed in a greenish eschar; if it is made of 
platinum, or other metal not attacked by the nascent oxygen 
and chlorin, the tissues around it will show an uncomplicated 
picture of anodal electrolysis — the characteristic hardening and 
searing of an acid application. The non-corrodible platinum 
needle is not so firmly fixed in the tissues as is the steel needle. 
These drying and coagulating effects around the anode, and the 
softening liquefying effects around the cathode, are among the 
best known facts in experimental science. The negative needle 
remains clean and bright regardless of what metal it may be 
composed. On testing with Utmus solution the reaction of the 
froth at the negative pole is alkalin .and that at the positive 
pole is acid in reaction. 

The extent of destruction at each pole with a given current- 
strength is of much interest in the treatment of tumors. Doctor 
Massey has made the estimate that 200 niilliamperes concen- 
trated at the ^inch exposed end of a negative needle will 
destroy an area of this length and J inch in diameter in the 
muscular tissue of the cadaver, if passed through for 2 minutes. 
In a living carcinomatous tumor of the breast, he has produced 
a necrotic area about 2 inches broad and 1 inch in depth by 
1,000 milliamperes in 10 minutes. 



METAT^LIC INTERSTITIAT. ELECTROLYSIS. 

105. It has already been pointed out that hydrogen and 
the metals are introduced into the body from the positive 
electrode, or anode, and that the acid radicals, including the 
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halogen and hydroxy! grou]>8, are introduced into the 1>ody 
from the negative electrode, or catliode. The action of the 
metal in tlie tissues will correspond to that of the oxychlorid 
of the metal in (juestion. When the anode is formed of an 
oxidizahle metal the products liberated on its surface are oxygen 
and chlorin, if we suppose the organism composed simply of a 
solution of sodium chlorid. Oxygen and chlorin react on the 
metal forming oxychlorids. If the current continues to pass 
there will \)v un intercliange hetween the organism and the 
oxychlorids, which may he represented by the following schema 
in which the metal is represented by the letter M: 

^OCIM OCIM Hfi If/) 

-\OCI MOri MO 11/) Hfi 

-^ on on MO MO 

Thu current causes tlie liberation of oxygen and chlorin at 
the anodu and at thtt same time transports the metal from 
molecule to molecule within the tissues. When the electrode 
employed is soluble; tliat is, one attacked i)y the oxygen, and 
chlorin formed in tht^ tissues, tlie resulting polar action differs 
from that i)ro(luce(i ))y ins(>lui)le electrodes, as gold, carbon, 
and j)latinum. The soluble t*lectro<les most generally employed 
are made of coj»|»er, zinc, or silver. The products of electrol- 
ysis with insoluble electrodes are deposited on the surface of 
the ti?su«'stbal ibev <iestrov. The metallic oxvi'hlorid formed 
by the cbriiiic action of the naseent oxyiren and chlorin is, 
according to the tlnM»ry of ions, tr:nisj)orte(l from molecule to 
molecule, penetrating into the drptbs of ibr tissues where its 
action de|)ends on the nic'tal enj|)loye<l as the electrode, whether 
copper, silver, or zinc. 

lOG. 'I'he dilTerence between the actions at the poles of a 
direct current applied to living animal tissues is due to the dif- 
ference in cb«-nncal action of anions and cations. When an 
insoluble electrode is applied to a cutaneous ttr mucous surface 
or plunged directly into the tissues, the ani(Uis and cations 
at the respective poles are always the sanu* and depend on the 
chemical comi)osition of the tissues. In the ca.-^e of soluble 
electrodes, the cations formed at the positive pole are determined 
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hy the compoeition of the + electrode and one can produce 
in the tissuee at will copper, silver, or zinc ions. 

In 1893, Dr. George Gaiitier investigated tlie eiTects of copper 
ions on the tissues. He inserted copper needles into the 
muscles of a rabbit's leg and passed a curreut of 9 milliaoiperes 



for 10 minuteB, Fig. 29. Both necdlt« were carefully weighefl 
before and after the experiment and the difference in weight 
was for one needle .00012 gram, anil for the other .00025 gram. 
This loss represents the rjuantity of copjier deposited in the 
tissues. He also injected the oxychlorid of copper into rabbit* 





and from the results ohliiined concluded that the salt of copper 
was not toxic. 

The oxj'chlorid of copper penetrates the tissues in direct 
proportion to the intensity of the current and the duration 
of ita flow. 
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Doctor Gautier made ten applications with a copper electrode 
in the interior of the uterus of a rabbit during a period of 
2 months: After the fifth application he performed laporatomy 
to examine the condition of the uterus and found no traumatic 
lesion, not even congestion. During the laporatomy he made 
an application of 20 milliamperes for 10 minutea The appear- 
ance of the oxychlorid was very manifest not only on the 
surface of the mucous membrane, but intracellular dififusion was 




¥\<i. 31. 

also evident. The abdomen was closed and the animal left 
alone for 10 days, after which time four more applications were 
made. After these last applications total ablation of the uterus 
was performed, and it was observed that (1) the deposit of cop- 
per salts on tlie internal surface of the mucous membrane of the 
uterus was very appreciable; (2) the penetration of these 
salts into the tissues was complete, the parts, both externally 







Fn;. 32. 
Soluble Elertrmh, Poftt-Xfi$nl. 

and internally, being saturated with insoluble oxychlorid of 
copper and of the soluble organometallic salt. 

107. The instrumentation of metallic interstitial elec- 
trolysis is of the simplest. The current-strength generally 
employed is from 10 to 40 milliamperes and the duration of 
each seance from 10 to 20 minutes. This makes the apparatus 
ver\^ simple and portalde. The copper employed must l>e 
chemically pure, red c'op])er, electrolytic copper. After having 
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been carefully washed, and poliahed witli emery-paper, the 
electrode Bhould be plared in a. flame and then cooled in a 
weak solution of formalin or camphorated ether before each 
application. 




mM|lI 



Solublr BuBn. 

It is claimed by Weill that cupric interstitial electrolysiB in 
the treatment of hemorrhagic metritis is superior to all medical 
treatment, and even to curetting. It requires the greatest care 
in its technique; it must be aseptic both as regards the vulva 
and vagina. Cupric interstitial electrnlysis has also been found 
superior to all other .agente in the treatment of ozena, or fetid 



catarrh. The eaaentials of njetallic interstitial electrolysis 
are (1) prolonged sittings, extending even to 20 minutes; 
(2) feeble current*, 10 to 40 niilliaaiperefi; (3) chemically 
pwre electrolytic copper. Figs. 30, 31, 32, 33, and 34 represent 
electrodes used in metallic electrolyses. 
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]H>LAU PROPERTIES OF DIRECT CURRENT. 

1(^8. The polar properties, both biological and physioo- 
lioniical, of the direct current mav 1)6 tabuLated as follows: 

Physiolojrical | Catolectrotonus. Increased irritability 
Stimulant \ of negative pole. 

Accumulation of hydrogen and alkalis, 
hy(lrati> of calcium, potassium, sodium, 
an<1 ammonium. These form saponar 
ceouB matter, and are caustic alkalis. 
Eschar in large, soft, and retractile. 

Accumulation of liquids and salta 
Willi mild currents promotes nutrition. 
With strong currents destroys tissues and 
has <lcnutritivc efTects. First effect is to 
cause is(h(Mnia; second, hy|)eremia, and 
then an e(|ualization of the circulation. 

^hvsinlo^i(»:ll f Ancla'trotonus. Diminished irritability 



( ataplmric 



Srdativ 



j Ancli'clrotonus. I 
I •)f thr ]»()sitivc ]»olf. 



< liiMnical 



( 'ataphorir 
Aniisrpli*' 



Accumulation of oxygen, chlorin, 
nitric, ])ln»sj>li(>ric. sulfuric, and muriatic 
atMds. It is an acid caustic, producing 
ninniniifyin^' ctTtH-ts. The eschar is 
small, drv, hard, ami non-tractile. 

Loss nf lluids and salts. Starvation of 
tissues. DilTnsion of drugs in solution, 
or nascent salts formed h}' electrolysis of 
Holuhle metallic electrodes. 



rilKKAPKlTK- TK<1INIQI'E. 

I OIK The ihn'ct current possesses great advantages over 
nil nthir ricctri** currents; for, hy the aid of the ahsolute gal- 
viinnmiiri and electrodes of specified sizes, it is possible 
|i» iiicm;ii«ly rc^Mdnte hi»th the strength and density of the 
• iiiH-nt It in cm rent-density that, in the application of the 
diiiMM cm rent, plays the most im}>ortant riMe. It will not 
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suffice to speak simply of employing a current-strength of 10 
niilliamperes, for this can be a weak current if the surface area 
of the electrode is 100 square centiuieters, and it can he strong if 
the surface area is 10 stjuare centimeters. The whole question 
of current-dosage is determined by the effects one wishes to pro- 
duce within the tissues or organs, and these are regulated by the 
density of the current and the duration of it43 flow. It must not 
be inferred from this that current-density is an exact standard of 
therapeutic dosage; that, for example, 1 milliampere applied 
through an electrode of 10 square centimeters will produce the 
same effects as 5 milliamperes applied through an electrode of 50 
square centimeters. The current-density in both these cases is 
the same per unit area of electrode surface, but as the number 
of flux lines in the circuit with 5 milliamperes is greater than 
when only 1 milliampere is employed, the physiological effects 
will also be greater. 

C. W. Miiller, of Wiesbaden, makes use of an average cur- 
rent-density of -^^'j that is, 1 milliami)ere to 18 square centi- 
meters of electrode surface. Stintzing considers the limits of 
therapeutic dosage to lie within .5 to 50 milliamperes with 
an electrode surface of from 3 to 500 square centimeters. 
Dr. Ludwig Mann makes use of an average current-density vary- 
ing from y^i^ to ^. In an application to the head he employs 
an electrode of 50 square centimeters with a current-strength of 
.5 milliampere, which gives a current-density of yj^. In cases of 
sciatica he employs electrodes of 20 square centimeters and a 
current-strength of 10 milliamperes, which gives a current- 
density of J. It will be thus seen that the dosages in direct- 
current applications varies very much like the dosage of drugs 
administel'ed internally. There are physicians who employ 
currents as strong and as long as they can be employed without 
danger, and others who go to the opposite extreme and employ 
current-densities varying from ^-^ to y^^. As a working basis, 
it may be stated 1 milUampere may be employed for each 15 or 
20 square centimeters of electrode surface; that is, a current- 
density varying from -^ to j^. 

In all direct-current applications to the surface of the body, 
the current-density is greatest in the skin beneath the electrodes; 
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the current-clcnsities in the remainder of the circuit are governed 
l)V the size of the electrodes and their distances from one another 
and hy the specitic eonduetivities of the tissues between the 
electrodes. In order to employ high current- intensities, it will 
he therefore necessary to use large electrodes and to eliminate 
the irritating intlucnces of electrolytic action in the skin b}' 
saturating tlu' positive ehrtrode with 4.5 percent, sodium chlorid 
and the negative electrode with solutions of 5 percent, hydro- 
t'hloric acid. Of course in this arrangement, exchange of ions 
between tln' body and the elec^trodes takes place according to 
Faraday's law, but the cations introduced from the anode and 
tin' anions introduced from the cathode have no irritating effect. 

110. Cerebral (Galvanization. — The first requisite in 

applying the direct lurrent to the brain is that the current 
enter the circuit slowly and gradually and that it be 
withdrawn in the same manner; with a good rheostat in 
ciri'uit this is easily accomplished. The second requisite is 
that the lines of lliix be svnnnetricallv distributed in both 
hemispheres of the hrain. As the localization of the effects 
of the current is almost ini})ossil)le, the symmetrical distribu- 
tion of the llux lines will be best accomplished by placing 
a largr cl«'(tr«><h' comj»oscd of surgeon's gauze and block tin 
on tln' forehead and the other el(H*trode, which is of the same 
c(Mn]K»sition, on the naju' of the neck extending over on each 
shoulder. The third rc(piisite in cen^bral galvanization is 
that the ])ressure rxcrted on the electrodes be uniform through- 
out the entire ajjplication, in order to prevent fluctuations 
in current-strength' and their disagreeable convSe<iuences — 
(lashes of light, naust'a, and vertigo. Francois-Franck and 
Mendelsohn regard galvanization of the head as contra- 
indicated in all organic diseases of the brain and in epilepsy 
and only reconnnend its use in cerebral neuroses. On the other 
hand, M. Leduc, with the electrodes placed as described above, 
employs in hemiplegia, a})hasia, and ocular paralysis, current- 
intensities varying from 10 to 40 milliamperes during periods 
varying from 10 to 20 minutes with very favorable results. 
As a general rule, the current-strength should not exceed 
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5 milliamperes and the duration of the stance should not be 
longer than 5 minutes. 

111, Galvanization of the Hplnal Cord. — The method 
of applying the direct current to the spinal cord will depend on 
whether it is intended to influence the whole length of the cord 
or simply some particular section of it. The general application 
may be either labile or stabile. In the stabile application, one 
electrode is placed on the cervical, or cervico dorsal, region and 
the other on the lumbar region. The area of the electrode will 
be determined by the current-strength employed. The direction 
of the current, whether ascending or descending, will depend on 
the pathological condition in the cord. 

In labile applications, one electrode is stationary and the 
other is moved up and down the whole length of the cord, 
or both electrodes may be moved along the whole length of 
the spine, resting for 1 or 2 minutes on different sections. 
In applying the direct current to the spinal cord, the specific 
conductivity of the tissues included in the circuit, as pointed 
out in Art. 75, should be remembered. When it is retjuired 
to apply the direct current to a section of the spinal cord, one 
electrode is placed on the sternum or abdomen and the other 
or active electrode is placed on the desired area of the cord. 
When the disease is limited to a certain focus, the active 
electrode should remain stationary over that focus; when 
the disease is in the columns of the cord, as in tabes, the 
active electrode should be moved up and down the whole length 
of the cord. 

Galvanization of the spinal cord is frequently accompanied 
by galvanization of the peripheral nerves and muscles as, for 
example, paralysis of the bladder, anode over lumbar region 
and cathode over symphysis pubes or on the perineum; in 
spinal impotence, anode on the lumbar region and cathode 
labile to the spermatic cord, penis, perineum, etc. ; in stomach 
crises due to spinal lesions, anode over the stomach and the 
cathode opposite over the spinal cord. 

112. Galvanization In Diseases of Joints. — The direct 
current is frequently employed in subacute and chronic diseases 
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of joints. The current eboiild he directed through the joint 
The sizes of the electrodes depends on the size of the Joint 
and the application generally lasts from 10 to 15 minutes. 
The electrocheniic action is desired in these cases and quite 
recently strong currents, 50 milliamperes, have been recom- 
mended with this end in view. 

Not only have high current-intensities heen recently employed 
in subacute and chronic joint lesions, hut these same high 
intensities have also heen employed with excellent results 
in the treatment of acut(* inflammatory joint lesions and nota- 
bly in hlennorrlijigic arthritis. Louis Derherms, reasoning 
on the well-known analgetic properties of the direct current 
and on its vasoconstrictor action when the seance is prolonged, 
as pointed out by Heard and Rockwell, and on its trophic action 
on tbe nutrition of muscles, applied the direct current in the 
trratnient of six patients sulTering from blennorrhagic arthritis. 
In tin- (\'ise of tbcse six })atients the cures were absolutely 
without ankylosis, tliere was no articular rigidity and no mus- 
cular atrophy. For the shoulder and hip joints, one electrode 
should be placed anteriorly and tbe other posteriorly; for the 
elbow, kiu'(\ or ankle, one eleetrode internal the other external; 
for tbe wrist, one elcM'trode anteriorly and the other poste- 
riorly; for tbe foot and band, one electrode is placed on the 
]>lantar or pabnar surface and tbe other on the dorsal surface. 
ft is absolutely indispensable to have two large electrodes; 
they should be lontrer than they are wide so as to extend above 
and belov; tbe articulation to include tbe periarticular tissues. 
r)elberms found tbe Apostoli electrode (]>otters' clay) the most 
serviceable in these cases, as it could ])c tboroujrhlv molded to 
tbe irregularities of the surfaces of tbe different joints*, thus 
])(Tmitting ecpial distribution of tbe current and avoiding 
e.-chars. Tlu^ current-intensities employed varied from 25 to 50 
nnlliampercB and the duration of each seance was, at first, 
i hour, and after the third or fourth seance, this was reduced 
to 15 or 20 minutes. At first, the seances were repeated two 
or three times daily, to be reduced after a few days to daily 
ap])lications. He gave no particular attention to polarity; 
however, when pain was the prominent symptom he placed 
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the positive pole over the area of maximum pain. As the 
electrodes are large and almost completely envelope the joint, 
care must be taken that they do not touch or cause a short- 
circuit. The electric applications were always commenced as 
early as possible from the beginning of the attack, and to this 
is attributed the remarkable results obtained. 

In the treatment of blennorrhagic arthritis, L. Delherms 
recommends that: (1) The electrical applications should be 
instituted as early as possible and that the current-strength 
should be 30 or 40 milliamperes, or more, if the patient tolerates 
it. The seances should be repeated once or twice daily with 
electrodes of potters' clay. (2) The inflammatory state and 
the elevated temperature are in no case a contraindication for 
this treatment which appears to have, better than any other, 
the capacity to prevent ankylosis and other troubles so frequent 
after blennorrhagic arthritis. 

113. Galvanization of Internal Organs. — The gal- 
vanization of internal organs can be accomplished either by 
internal or external applications. In external applications the 
electrodes should be so arranged that the greatest number of 
flux lines will pass through the diseased organ. 

If a sedative efTect is required the anode is placed over the 
painful part, stomach, or ovary, and current fluctuations should 
be avoided. When an irritating effect is desired the negative 
electrode should be placed over the diseased organs and the 
current may be interrupted. 

In the treatment of muco- membranous enterocolitis, E. 
Doumer places two carbon disks, 6 centimeters in diameter, 
covered with several layers of chamois thoroughly saturated 
with tepid water in the iliac fossae, as far as i)0S8ible from 
the motor points of the abdonjinal muscles and the trunks of 
the crural plexus. These disks are then connected with the 
binding-posts of a direct-current source and a current of 30 
or 40 milliamperes passed. The current-intensity is increased 
to 50 milliamperes and maintained at that strength for 
1 minute, at the end of which time he reverses the current. The 
muscular contraction thus produced invariably surprises the 
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patient, but it is not so painful as might be supposed. If the 
patient does not i)rotest, the current-strength is increased; if 
the ])atient protests, the current-strength is reduced to 50 niilli- 
aniperes, and the apt)lication is continued for 10 minutes, 
reversing the current at the end of each minute. At the end of 
o or 4 minutes the application is much more supportable than 
it was at the beginning. In this way, E. Doumer was able, in 
the majority of cases treated by him, to employ current-inten- 
sities varying from SO to TiO niilHamperes. 

From his experiences in the treatment of enterocolitis, E. 
Houmer arri^es at the following conclusions: (1) That it is 
easier than one eould su|)pose to administer percutaneously direct 
currents of relaitvely high intensities. (2) That these currents 
are ahsolutelv inolTensive, and that the muscular contractions 
pro(hiee(l I'y eun-ent ahernations are well su}>ported by patients. 
C'l) That these curnnts have a decided curative action in the 
eonsti[>ali(»n attending mueo-nu'mhranous enterocolitis that was 
previously rclielhous to all other forms of electric applications. 
( 1 ) That tliey al>o have a marked curative action on the 
anatomic altei-ations of muco-memhranous enterocolitis. 

Special electrodes are constructed for internal applications 
to tlu.' sioniac^li, colon, l)la{hh'r, female genital organs, larynx, 
and nose. These electrodes are all made active, while the 
indilTerent eh-ctrode is applied to th(i surface of the body 
in the neighhorhood of the diseas(^d organ. It must be home 
in mind that metallic electrodes cauterize mucous surfaces 
very readily. When possihle, the diseased organ should be 
tilled with water so that the metallic electrode nowhere comes 
in contact with the mucous surfaces of the organ. In this 
case, the water conducts the current to the entire inner surface 
of the hollow viscus and com})aratively large currents may he 
emi)l()yed without danger of cauterizing the tissues. 

114. Siibaunil Galvanization. — One electrode (5x5 
centimeters), generally negative, is placed at the angle of the 
jaw against the hyoid bone, with the surface directed upwards 
and backwards toward the vertebral column. The other elec- 
trode is placed on the opposite side of neck between the fifth 
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and seventh cervical vertebra). One electrode may also be placed 
on the back of the neck and the other moved up and down along 
the anterior border of the sternoclidomastoid muscle. The 
intensity of the current varies from 2 to 20 milliamperes applied 
from 3 to 5 minutes. It is hoped in this method by acting on the 
vasomotor nerves through the sympathetic to influence in a 
special way the circulation and nutrition of the cord. 



METHODS OF GENERAL GALVANIZATION. 

115, This may be accomplished in any of the following 
ways: (1) General bath, (2) four-celled bath^ (3) general 
galvanizatUm, and (4) central galcanization. For the technique 
of the general bath and the four-celled bath see Technique 
and Physiology of Coil- Currents and Hydro- Electric Methods, 

11 6, General Galvanization. — One electrode, the 
cathode, is placed beneath the feet and the other, or active, 
electrode is moved over the entire body, particular attention 
being given to the sympathetic. The duration of the stance is 
usually 15 minutes. 

117, Central GalTanlzation. — It is intended in this 
application to influence the entire cerebrospinal axis, and par- 
ticular attention is given to pneumogastric and sympathetic 
nerves. One pole, usually the negative, is placed at the 
epigastrium and the other is passed over the forehead and 
vertex, along the internal borders of the sternoclidomastoid 
muscles, at the nape of the neck and along the entire spine. 
The authors of this method. Beard and Rockwell, apply to the 
head from 3 to 30 milliamperes, beginning with a weak current 
and gradually increasing until a metallic taste is perceived in 
the mouth. They regard the cranial center — the summit ' 
between the ears — as the most important region of the head in 
central galvanization. The electrode is generally applied to 
the cranial center for 2 minutes. From the cranial center 
the electrode is passed down the internal border of the sterno- 
clidomastoid muscle and moved up and down along this muscle 
for from 1 to 5 minutes. The same application is made to the 
opposite side. 



122 TECHNIQUE AND PHYSIOLOGY §6 

III galvaniziition of the spine, special attention is given to 
the ciliospinal center about the level of the seventh cervical 
vertebra'. This center is to the spine what the cranial center 
is in tlie brain. Tlie cervical sympathetic and pneumogastric, 
as well as the cord, are affected by the current. The electrode 
should l)e ]>assed u}) and down along the whole length of 
the (onl. As a rule, the back is not sensitive and from 10 
to 1^0 niillianiperes may he applied to the spine for from 
') to ir> niiniitrs without any more discomfort than a burning 
prickling' senbation. 



TECHNIQUE AND PHYSIOLOGY 
OF COIL-CURRENTS. 



ELECTRICAL TREATMENT OF DISEASES. 



INTRODUCTION. 



VARIETIES OF WAVE-FORM. 

1, Historical. — The application of electricity in the treat- 
ment of disease belongs to remote antiquity. Erb relat<« that 
Roman physicians advised their patients, in cases of paralysis 
and gout, to bathe in water inhabited by electric fishes in the 
hope that the electric discharges of these fishes would effect a 
cure. This shows then that long })efore the invention of appa- 
ratus for the production and regulation of electric currents, 
physicians utilized electricity as they found it in nature and 
recognized in it a therapeutic agent of great value in the treat- 
ment of certain diseases. The medical applications of electric- 
ity have kept pace with the scientific discoveries in the science 
of physics of electricity. These discoveries have placed in the 
hands of physicians various apparatus that enabh; them to 
regulate and dose electric energy the same as any ordinary 
medicament. 

About the middle of the 18th century, when Otto von 
Guericke constructed the first eU^ctrical machine, marks the 
birth of electrotherapeutics. The beginnings of electrothera- 
peutics were difficult and the field of its application limited. 

F&r noiiee (^f copyright, tee page immediately /(^lowing the title page. 
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Ap knowlrdjjo of clectrophyaiolog}' increased and as the tech- 
iii<lU(* of ^nlvanisM) became familiar to physicians, the field of 
♦•lt'<ln>lheraiM'uli('8 gradually extended during the years between 
1S(K) and ISoO, which are known as the era of galvanism, 

Abnut \SrtO, Ducbenne published his famous work on '* Ix)cal- 
ized F^hM-lrization and Its Application in Physiology, Pathology, 
and 'rinrapfutics/* Tlie apj)oarance of this work and thelalx)r8 
of I>iwluMiiH' <lrfinil<*lv i^tablished electric currents in medicine 
:iinl .<nrL'<rv. lie n*»rarded the faradic current as the only form 
of ^liMtiic tMirrgy npj>licable in medical practice; in France, 
til is 'h\i'ii was ^tiif rally a<lopted. In Germany, however, there 
was al'onl tliis time, ISoO, a decided reaction in favor of 
^'alvauism under the iiisj)iration.of Remak, who, in 1<S55, pub- 
li>lMil liis iiH iii(»ir on ibo method of applying the galvanic 
curnnt tn j»araly/r(l muscles, in which he j)ointed out that 
flu- jralvahir ( iinviit was capable of contracting muscles when 
the faradic current pnxluced no reaction whatever. Remak 
and I)u( 1h nnt' are now justly regarded as the founders of elec- 
trotlii rapt'Utiis, !{« inak of the German school and Duchenne 
of tlu' French. The controversy between these great teachers 
is <»f the nn>>i interesting kind and served to render clear many 
r»b^cure points and to attract the attention of scientific men to 
the medical applications of eliM^trit'ity. Remak and Duchenne 
were both right in rei'onunending the current that each so care- 
fully studied, hut they were wrong in recommending it to the 
exclusion of all others. 

2. It is the duty of the elect rot borapeutist to select from 
the various electric currents that one which is best adapted to 
the case in (piestion and to so apply it as to bring about the 
surest and (piickest cure. In the early days of electrothera- 
j)eutics little distinction was made between different varieties of 
electric currents, the connnon belief being that it was mainly a 
(juestion of getting electricity somehow into the body and 
of less im}>ortance by what means this was accomplished. 
Though such crude notions even today are common among the 
laity, the medical profession has learned that the sources 
employed for sending an electric current through the body are 
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of the first importance, and that it is not sufficient to know that 
electricity is actually traversing the human organism but that 
the qualities of the current must also be taken into considera- 
tion. Whether the treatment is beneficial or not depends, in 
some cases, on the direction in which the current flows, and, 
in others, mainly on the strength together with direction, 
and also in njany cases on whether the current is continually 
flowing in one direction or is interrupted or alternating. 

We have already stated in this Course that it is not supposed 
that different classes of electricity are in existence. What- 
ever is the fundamental nature of electricity, it is under- 
stood that it does not undergo any change whether it issues 
from a primary cell or static machine. In either case the 
nature of the electric pressure that causes the current to flow is 
the factor that determines its suitability for this or that treat- 
ment. In the study of the physiological effects of any electric 
current, the physical characteristics of the electric wave that 
traverses the tissues explain the effects produced by that cur- 
rent and j)ermit an accurate appreciation of the relation of cause 
and effect in electrotherapeutics. 

3, Direct Conttuuous Currents. — In order to show 
fully the function of wave- form or pressure when considering 
the properties of an electric current, the main varieties will here 
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be illustrated by means of diagrams. Let the line A B, Fig. 1, 
represent the zero-line of pressure and also the line along which 
the duration of pressure is indicated in seconds, i, )?, 6, 
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Alniijr the liiu« CD the j»res8ure, in volts, is measured oflF, begin- 
iiiim at tin* /A-ro-puint 0. Distinction is made between positive 
ami iH'^Mtivf jnessuret*, iheso two acting in oppobito <]irections; 
if positive, tlu? pressure is laid off along the line A D above the 
/trt) liiu' .1 />: if iic^ativt', along the line A C below the zerf>-line. 
When a current of 2 volts acts for a [>eriod of 6 sa'.onds in a 
pi>silivc ilirerti<)n, it is represented by the line a 6. Again, if 
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a (urnnt of 1..') v<»lt< finws for 5 t^econds in a negative direction, 
it im:>_v !'•• -Imwii l»y iiirans of the line c d. In one case the 
[>rt»iin i> :il>t)\c, in th,' oilu-r 1k»1o\v the zero-line .4 i?. When 
■A •iirn-nt, a- in ritlit-r ^f these instances, is continually flowing 
m i>i!c (iiiT'clion it is callnl a <llrt»<'t current, and if its pressure 
i> eonslant, a continuous i'lirrcnt. 
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In tlu' i'xaui])le here given, the currents are both direct and 

r«»ntinuous. 

'1. Dlrt^ct Interrupted Cnrn^nts. — A current may be 
<lireet l>ut not eontinutjus, as shown in Fig. 2. Here a current 
lh)WK for a period of o seconds under a pressure of 4 volts, as 
indicated by ujeans of the line a b; then the pressure suddenly 
falls to zero along the line b3 and the current ceajses. This 
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usually they 



interruption lasts for a period of 3 secondn, when the pressure 

again suddenly rises to i\a former value and remains there for 

another 3 seconds, after which it falls to zero. A current of 

this class is called a direct InterrapteU current, ft is 

rarely the case that these changes in pressure or flow take place 

na suddenly as indicated' in these diagram 

assume moretheform l» 

of a wave, as shown 

in Fig. 3, where the 

pressure neither rises 

nor falls int<tantane- 

ously, but ret^uires a 

certain time to reach 

its maximum and ' 

minimum value. 
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5. Piilsatlnpr Currents, — A current may vary in pressure 
or rate of flow without necessarily falling to zero. An example 
of this class is shown in Fig. 4. Here the pressure jreriodically 
rises from 1 to 4 and falls from 4 to 1 volts. Such a current ie 
"M/i/M/i/M/M/j/VM/1 called a piilsattng 

current. A peculiar 
variety of the pulsating 
current is that pro- 
duced hy tneana of a 
static machine. In 
this instance it is a 
question of charges of 
very high potential 
that periodically pass 
over an air-gap before 
"° they reach the human 
body. These charges 
'"■■ '■ collect in the static 

machine until they are of a potential suflicicntly high to bridge 
the air-gap. The pressure falls and again ra))idly rises many 
times per second. Fig. 5 represents a pulsating current of 
this class. 
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Tlio prajiliir ropresontationB of these four t\'po8 of direct- 
curnnt tl<»\v ilhistrnto very clearly the physical characteristics 
of rach, imd thrse difTcrent physical characteristics account for 
the (liilfront ({iialitieH of the direct current and explain their 
dilTtrciit plivsioloj^icid ofTects, as described in Technvjne nntl 
Phiisinhttpj of Stdtir niul Other High- Frequency Currents^ and also 
in TrrhttitfUt' and Phyninlogy of Direct Currents. 

iu Altornntlnjir Currents. — The pressure of an electric 
« iirniit in:iy not :ilnnt» fall to zero, sis shown in Fig. 2, but may 
FmII |nMi<Mli(Mlly htlow zero and thus ex<trt a pressure in the 
()p{Ht>it<' (linctioii; it hivomes then an alternatiniir current. 




Fi.;. fi. 



Such variations in ]>rrssnr(' are shown in Fig. 6. The current 
ht'gins to How at a pressure of (> volts for a i»oriod of 3 seconds, 
indicated hv the line a />, after which it not alone falls to the 
zero-line at .'^ hut Ik'Iow this to a ])oint r rej)rofienting a pr(»s8ure 
of (J volts in a negative, or oj)po8ite, direction. This pressure 
has also a durati<»n (»f 3 s(»oonds, represented hy the line c rf, 
after whi('h the pn'ssure falls to zero, changes direction, and 
again rises to a value of volts. 

Like the direct interrupted current, the alternating current 
does not change in the abrupt nmnner shown in Fig. 6, but 
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assumes more of the wave-form illustrated by Fig. 7. This 
corresponds somewhat with the wave-form that the commercial 
alternating current assumes, a wave-form that is called sinusoidal 
for reasons given in Direct Currents, 

When the wave-forms are alike on both sides of the zero-line 
they are said to be symmetrical. The waves illustrated in Figs. 
6, 7, and 8 are sym- 
metrical. When the i-^*" ^ 
wave-form is not the 
same on both sides of 45 
the zero-line, as shown £ 
in Fig. 9, the waves 
a re dissyin m etricni In 
these forms of sym- 
metrical alternating- 
current waves each 
succeeding wave is 
supposed to equal the preceding one both as to magnitude 
and form. 

7. Dissymmetrical Waves. — To the class of dissym- 
metrical waves belong those produced by the faradic coil. 
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Fio. 8. 

In order to fully understand why these waves are dissym- 
metrical and why they are diflferent both as to their nature 
and effects from those of the ordinary sinusoidal waves, it will 
be necessary to investigate their primal cause. As will be 
remembered from the explanations given in Magnetism and 
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A7'V/,-.,M,iyjiw/.<m, a cnrront from a primary* batt<>ry is sent 
tl.rnti^'h tli«- primary cuil of the faradic apparatus and the 
nirniit i- llini |i4TiiMlioally interrupted by means of a viltrating 
-I'lii.;: ilial :il»t'rijal*'ly ojH'ns and closes the circuit. That this 
iiirnni tltrMUirh ihe primary coil must be interrupted in order 
I) up^raw- ilif cnil is (»l>viou8, as an E. M. F. is induced in the 
-t.c..i.,].iry •••il Miily Avlien changes take place in the primary- 
. Mvrt 1:1 il'W or when it is st(»pi>ed or started. It might be 
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-M|'p. -••■1 \]\:\[ fVi-ry liuH- the primary current is started or 
.-'• ; ; ' <1 :in iinhii n\t wiivr nf oijual magnitude is sent thniugh 

ll.' i.'i:ivy mil Mini iljnt h«'iv E. M. F. "s of equal strengths 

l';i .i:t«M.;!!. ;y jntiiiL' ill <'ppn>ite <lireclit>ns would be produced. 
\\\\\ \\^\< ']< not tlu' (;isi\ as will be shown by means of the 
follow iii^ «liaLTani>. 
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Fig. 10. 

Let it be supposed that a current of 4 volts, Fig. 10, is sent 
throu^^h tin? primary coil. We will assume that this current 
rises from to its maximum value at a, remains there for the 
time of f}^^ second, when it, at r, decreases in value, and falls to 
zero at /. During the rise in pressure from U) a and the 
decrease in pressure from c to f the secondarj' coil would have 
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E. M. V.'b induced in it, and these are represented by means of 
Fig. 1 1 . Here the negative wave Oab would be the one induced 
by the rise in E. M. F., shown at a. Fig. 10, and the other 
wave cde a result of the decrease in E. M. F., shown at e f, 
Fig. 10. Botli of these waves are here represented as being 



equal in magnitude and duration. In reality they are not so, 
for the reason that the primary wave is not of the form shown 
in Fig. 10, but more of that given in Fig. 12. We sec here that 
the E. M. F. does not rise at once to its full value of 4 volts, but 
after reaching the point a it only gradually reaches the point b. 



^ ««<T0»<( 



This is caused by the self-induction of the primary coil. The 
result of this gradual increase is that the negative wave in tiie 
secondary coil, shown at Oah, Fig. 13, will bt' of a relatively 
longer duration but also of a smaller E. M. F. Nextitism)ticed 
that the primary-current wave does not fall at once to zero, as in 
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Fi^. in. ))ut, as i«li(»wii at c in Fig. 12, begins to rise ui. 
{Miiiit r/ is rcarliLMl, uftiT which it fall^; along the line e /, 
\> alst» a result of tlie self-induction of the primary coiJ, i. 
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iii-iMrn« j'r<"lucinL' tlir S(»-callrtl extra-current. Thihi enlarged 
»iin»i:t \\;i\r ill tlir |»iiin:i!v roil, will cau^e a similar wave in 
tin- -« »■« :i.l;ii y t »»il. lull llio iiuTt'Mse in lieight will be counter- 
l»;il;iinril i'\ :i ilrvr«-:i-r In «liiration, as seen at c d c. Fig. 13. 
W . -. « tlni. Ui.it oil ilM:<inLMlu' primary circuit a small negative 
w;i\.»'f nl.iiivr 1"iil: <lnr;iti')ii is produced in t lie secondary coil, 
:iii<l tliMi till lnt':ilcin;r tin' . 
jiriiiiMiy "in'uit, a Iml^Iht 
p'»itiv«' wiivr l)Ut »>f shorter 
liuration is tlir result. 

S. Aii(»tlicr feature, illus- 
trattMl in Fi^^ i;>, that should 
lereive some atl«'ntion is the 
interval hetwem the waves 
Odhixnd rdc. Ordinarily, 
it is supposed that these 
waves are so connected that 
the closing wave a h j)roceeils directly into the oi)ening wave 
/: il c without any intervening space, as indicated in Fig. 14. 
Extensive experiments performed by Bordier tend to preve tliat 
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such is not the case and that, in fact, there is a considerable 
interval between the waves of **make'' and **brejik/' As long 
as the current-strengtli remains constant, as for instance, between 
the points h and c, Fig. 12, no effect is produced on 
the secondary coil, and an interval of rest is therefore 
indicated between the points b and c, Fig. 13. It is ordi- 
narily supposed that while these intervals may be found 
between the make- and break- waves in relatively low frequen- 
cies, when it comes to higher frequencies such intervals no 
longer exist, and that in such cases the closing Avave Oab 
proceeds directly into the opening wave cde without any 
intervening space, as already indicated in Fig. 14. 

Bordier bases his experiments on previous investigations by 
Blaserna, who found that the durations of the make- and break- 
waves to which the secondary coil is subjected are .00048 and 

d 



.00048 Second 





i0002Ji Second ^^j^ 



Second 



005 Sec^ ^ J^P§^±^- 

.OlO Second 




Fio. 15. 

.00028 second, respectively. (See Fig. 16. ) Knowing these two 
values it is possible to calculate the intervals between make and 
break as well as between break and make. Bordier takes as an 
example an interrupter moving at the rate of 100 vibrations per 
second, each complete vibration therefore occupying a time of 
.01 second. The durations of the several waves and the 
interval between them is then represented by means of Fig. 15. 
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T})o make- wave Oah has, as already stated, a duration of 
.(KHMS sr(N)n(l jiikI the ))reak-wave cde one of .00028 second, 
r^onlicr then rinims tliat the 1>eginning of the latter wave, that 
is ihr point r, o(rii])ies a middle position between the starting 
|K)ints ff and / of the two make- waves. The distances 
^>ran(l c f will ihenfore each correspond to half the time of 
one compute vil)ration, or .005 second. By subtracting the 
tiinr' ('onsunied hv the make- wave from this time of .005 
scroinl we find .(H)o - .0005 = .0046 second to be the 
inttrval of lime hetween a make- and break-wave. In the 
^^am^• manner l»y subtracting the time of the break-wave, 
that is .OOOl's strond from .005 second, the time interval 
iM'twcMii the hnak- ami make- waves is found to be .005 — .00028 

It sIhuiM InTf hr noticed that the quantities of electricity 
rrpn s< nted hy the make- and i)rcak- waves are alike; the surface 
ana rov( r< «1 hv eillier wave Oah and cde should therefore be 
thr s;ini«'. \\ hrn thus the make-wave re<j[uires al)OUt double 
tlir timr to srnd llic same (piantity of electricity through the 
ec.il n> thr hrr:ik-wav<\ it is clear that the rate of flow, that is 
thr MinprrML^i', must, durin;! thr How of the make-wave, be half 
tlie vahir of tlir hreak-wave. 
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The waves of break being of a so much higher E. M. F., their 
efffvts on the human b(Mly are often so predominant that the 
waves of make may be left out of consideration. In that case, 
the active j)art of the faradic current may be represented some- 
what as in Fig. 16, which consists simply of break- waves. 
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9. Besides these fuudamental wave-forms, each of which is 
produced hy a simple elementary source of E. M. F., the indi- 
cations in therapeutics fre<iuently require a combination of 
2 wave-forms, as, for example, the galvanic current with the 




faradic or the galvanic current with the sinusoidal current. 
The excitatory neuromuscular effects of the faradic current are 
frequently indicated in conjunction with ttie electrolytic and 




cataphoric properties of the direct current, in wliich case the 
faradic coil is placed in series with a direct-current source. 
The current resulting from this coaibinalion has u pressure equal 
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t" ihr <i:m of ihe pressures of both currents; further, the quan- 
lity .'f t't^iririiy traversing the tissues us much greater than 
\\:\]. :*.i- fani'li^' turrt-nt alone. For these two reasons the effects 
if Jalva^■ fanuiiz.ition will lie more intense than those of fara- 
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Ii. V.J. 17. \\.v k\\t\v> of a galvanic and faradic current are 
>;.;»:.:..: v 1 ■:. t;u]i tiiher, Ofyh representing the galvanic 
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ai)«l '/'! /'. '••/* tlu' fannlir curR'iit. Tlie galvanic current acts in 
a jMi>iiiv» <liit ilion similar t<» llii.' break-wave cJc, to obtiiin 
wliicli result tin- anode <»f tlie galvanic current is connected with 
the cathode of ilic faradic eiirrent. Tlie result of this combina- 
tion is shown in Fig. 18, where the E. M. F. of the galvanic 
current 0/*/ h is decreased at /(/ h by the negative wave Oab ol 
th(r faradi(' current and increasetl at cde to an amount corre- 
si)(>nding to Ibe iieigbt of the positive faradic wave cde. Where 
these waves do not act, the galvanic current retains its original 
Iv M. F. 

If liie anode of the direct current is connected with the anode 
of th(; faradic current, both E. M. F.*8 will act in opposition, 
and the resulting wave-form, as well as the physiological effects 
within the tisHuen, will not be the same. In Fig. 19, the 
galviinie and the faradic currents are so combined that the 
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break-wave cde of the latter works in opposition to the galvanic 
current Ofgh. The reeultfi of this combination are shown in 
Fig. 20, where it is seen that at /a b the make-wave uf t)ie 
faiadic is superimposed on the galvanic current, and at cde the 




Pla. ZD. 

break-wave not alone reduces the galvanic current to zero, but 
for a short period changes the direction of the current. 

Kven when the E. M. F.'s of the hrenk-wave should happen 
to equal that of the galvanic current, it is seen that the current 
is not constantly zero, but only periodically so on account of 




the physical characteristics of the faradic wave. It will be 
necessary, therefore, to be careful in (x>mbining Imlh currents 
and to see that in order to obtain maximum effects theantxle of 
the galvanic current is connected to the cathode of the faradic 
current. 
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10. Wlion the indications require it, the galvanic current 
may be combined with the Binusoidal current, producing the 
galvanosinusoidal current. These two forms are shown com- 
bined in Fig. 21, in which the line Ohia the zero-line and Ibe 




line /ff the galvanic current, while the waves Oabcd represent 
the sinusoidul current. It is cli^ar that the positive direct cur- 
rent will increase tlic size of Hit; positive waves and act in oppo- 
sition to the negative waves, and thereliy reduce the size of the 
latter. The result will be tht- wave-furm shown in Fig, 22. 
Currents of this class are called galvanosinusoidal currents. 

In the cuBC of the 
Kin ii.'-i>tdal alternat- 
iiiC-curreat waves, 
each such succeedinj; 
wave is supposed to *•" 
equal the precetling 
one both as to miif!- 
iiitude and form. 



Ther 



3 also 




of flcctricnl jin 

where this is not the ea.se and where each current impulse con- 
sists of a ecncs of waves gradually dccrciisiiig in sine. Currents 
of iiigh frequency act in this manner, as shown in Fig. 23. 

1 1. ChnnftliiKa l)In-ct Intoiiii All^^rnatinK Carr^nt. 

It is not absolutely iieceKs.iry to have an alternating-curr^it 
source in order to subject a patient to a current of that character. 
I!y mcan^ of suitable appliances it is also j)ostiil)le to change anj 
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<lii«ct current into one that is alternating. In a crude way this 
may be accompHslipd by meane of tlie polo- changer, shown in 
Fig. 34, Accemnry AiTpnrnUiB. By moving tlieliiindle H alter- 
nately to the left or right, the current will periotllcnlly change 
its direction through the two binding-posts E^ an<I E^, This 
method is limited only to cases where the interruptions take 
place relatively slowly, and are continued only for short 
periods. When these interruptions are of a more rapid nature 
and must be carried on for a greater length of time, it is neces- 
sary to have means that will replace the operator's hand and 
carry on the function automatically. Various means may be 
used for this purpose; usually it is a clockwork in some form, 




which, after being wound up, will run for a time and at regular 
intervals interrupt and reverse the direction of the current. A 
pendulum with an adjastahlc weight will determine the number 
of interruptions per minute. It ia unnecessary here to explain 
this part of the apparatus in detail; only those piirts that 
accomplish the current reversals will be considered. 

A device of thin kind is shown in Fig. 24 in perspective, and 
in Fig. 2.'> in outline, in addition to the variou.s electric con- 
nections. The vessel a is divided into four cimipiirtnientfl 
a,, a,, 6„ 6„ each of which is filled with mercury and is con- 
nected, in the manner shown in Fig. 2^, with a direct-current 
source. Over the central part of this vessel is locjitcd anelHmite 
rod « with the caps/, <j, which are Hupi>orted by the points of 
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the sorows /,, /, in a manner that will allow them to oscillate 
freely. Through the caps project rods c, d, which at their 
extremities carry the adjustahle pins c„ c,, dp d,. If the 
hrneket k is connected with some oscillating device, such as a 
pendulum of a clock or a metronome, the rods r, d will also 
oscillate and simultaneously dip either the pins c,, d, or c„ d, 
into the mercury of tiieir respective compartments. Whiledip- 
]>inf^ into the mercury, an electric contact is established; a cur- 
rent will pass through the pins and rods, the direction of which 
will depend on th(» polarity of the respective compartments. 
The period of contact will depend on the extent to which the 
pins are inserted in the liquid, and this again will depend on 
how th(» pins arc a<ljustcd relative to their supporting rods. 

"i'iic c()iinccti(>n between the primary-current source and this 
(hnice is shown in Fig. 2o. A ])rimary, or storage-, battery o 
with the recjuired nnnd)er of cells has its positive conductor o^ 




Fig. 'if). 



(connected with comi>artment*i a,, a^, and its negative conductor 
0.^ with the compartments />,, />,; the former will therefore alwa3's 
remain positive and the latter negative. When the pins c„ d, 
di}) into the compartments ft,, f/„ the latter will send a current 
through rod d in a positive direction, while the return current 
will pass through the rod c to compartment ft, back to the 
battery, provided the rods are, as will be shown further on, in 
electric connection with each other. As the cap g is insulate<] 
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from / by the ebonite rod c, the current is prevented from pars- 
ing directly to / and will be compelled to go through screw /, to 
bracket g^ into the binding- post h^, from which it goes into the 
conducting- cord wij to electrode rij. After passing through the 
patient, it returns again through the other electrode 7i, and cord 
m, to binding- post A„ bracket ^„ screw /„ cap /, and rod c to 
the compartment 6,. 

When the pins Cj, J, dip into the mercury, c, will be made 
positive and d^ negative and a current will be sent through the 
circuit in the opposite direction. Such reversal will take place 
for each beat of the pendulum, and the number of reversals per 
minute may be regulated by adjusting the active length of 
the pendulum. 

In place of devices where the interruptions are produced by 
means of oscillating parts, there may be used some that consist 
of rotating cylinders combined with contact- brushes. A device 
of this kind is shown diagrammatically in Fig. 26 (a) in which h 
is a cylinder of some insulating material, such as ebonite, that is 
covered with metal segments of a peculiar form. This cylinder 
may be set in rotation by connecting the pulley g with some 
motor. The positive terminal of the primary battery d connects 
through conductor f/, with the brushes c,, c„ and the brush c, 
through conductor d^ with tlie negative terminal; the segments 
a, c will therefore always be j)Ositive and h negative. Two other 
brushes /„ /, transmit the current from those segments with 
which they momentarily engage to the patient's circuit r. 
After the cylinder h has made half a revolution it will occupy 
the position shown in Fig. 26 (b). The segment b has now 
moved out of contact with brush /* and segment a occupies its 
place. The brush /, has therefore had its potential changed 
from negative to positive, and as the other brush /^ is brought 
into contact with the segment b, it has simultaneously changed 
from positive to negative. Consequently, the current through 
the patient r has been reversed in direction, as indicated by the 
arrow. The current is reversed twice for each revolution of 
the cylinder, and the reversals per minute will depend on the 
revolutions per minute. 

In the present position of the brushes /j, /„ it is seen that the 
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interval diirinfr wliirli the circuit is broken between each 
n'v<rs;il is vnv short. The length of this interval will depend 
oh the ilistancc between the points rr,, 6^, and ftj, Cj, respectively, 
whi« li arr the places where the brush leaves one segment lo make 
r(Mita( t with the one following. By increasing this distance 
and <hM n-asing the active j)artof the segment, it will be possible 
to (ji-enase the period of contact to a minimum. For this reason 
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Fic. 26. 

the three sejj;nients have been contracted to a narrow strip at the 
points /r^, />,, //j, f,. To be able to vary this interval of current 
interruption in the i)atient's circuit, the brushes /'„ /, are so 
pla(e<l that they can be simultaneously moved to the rif»ht or 
left and thus l)e made to occupy any j)osition that will give the 
necessary interval. For insUuice in the i)osition indicated, the 
interval of l)reak niay be one-twentieth the interval of contact, 
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while if placed at fi, the brush may make contact for a period 
correepoiiding only to one-twentieth that of the break. 

The difference between the two varietieB of cnrrent-wavee 
that will reanlt from this varied position of the bniRhee is clearly 
shown in Fig. 27. It is supposed that the whole circumfer- 
ence of cylinder h, in Fig. 26, is divided into 20 equal parts. 
If the interval a, I\ be 
one-twentieth of the 
total circumference, and 
there is another interval 
equal to this on the rear 
of the cylinder, there 
remain 18 divisions to 
be divided among two 
segments, which leaves 
9 divisions per segment. 
This means that for nine- 
tenths of each half 
revolution each of the 
segments a, b, and c will 
m»ke contact with the 
brushes/,,/,. In Fig. 27 
(a), the line A B JB 
divided in 20 parts, cor- 
responding to the divi- ^°- ^■ 
aions mentioned, and the voltage indicated along the line 
CD. The beginning of the wave a at n, may, for instance, 
correspond to the moment when the segment a comes in contact 
with the brush /[ at n^, Fig. 2G (ii). The pressure is seen to 
remaiD constant for a period corresponding in length to that 
required by the cylinder for making j\ revolution, then the 
pressure suddenly drops to zero at a, and remains there for j', 
revolution. At the point 6„ corresponding to b^. Fig. 2fi (&), 
contact is made with the point ft, of segment b, which is of 
negative potential. The current is therefore sent in a reversed 
or negative direction through the brush /,. This is represented 
by the wave b banning at />,. Again the current flows steadily 
daring ^ revolution, at the completion of which the pressure 




22 TECHNIQUE AND PHYSIOLOGY §7 

again falls to zero at 6^; another interruption occurs and then a 
repetition of the wave a begins. When the brushes are moved 
to the right and minimum contact is made, the results are 
as represented in Pig. 27 (6); the parts a,, 6„ 6„ c, of the 
segments are of a width corresponding to one-twentieth the 
circumference of the cylinder, and the current-waves sent by 
them through the brushes are represented by the waves a, b. 
Why this is so will now be clear to the student and will require 
no further explanation. It is obvious that by placing the 
brushes half way between these extreme positions, a place will 
be found where the durations of the waves are the same as those 
of the intervals. 

Having given this brief description of the wave-forms of the 
different currents used in medicine and surgery, we believe the 
student is better able to comprehend the physiological effects of 
the currents to be discussed in this section, namely: (1) The 
faradic current; (2) the sinusoidal current; (3) combinations of 
these currents with the galvanic current, that is, the galvaruh 
faradic current and the galvanosinusoidal current 
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INDUCTION- APPARATUS. 

] 2. Induction-apparatus may be classified as follows: 

(1) Volta-fiiradic apparatus, or physician^s induction-coil; 

(2) magneto- electric machine; (8) sinusoidal machine; (4) 
itltemating dynamo. All the induction-currents employed in 
electrotherapeutics, with the exception of the primary coil-cur- 
rent of the physician's induction-coil or faradic apparatus, are 
to-and-fro, or alternating currents. They are also currents of 
comparatively high voltage, as compared with the direct cur- 
rents, but with very little quantity. 

Of all the apparatus employed in electrotherapeutics, the 
physician's induction-coil has been the most used and is, even 
today, the most widely known. Many physicians still believe 
that the induction-coil constitutes the whole, or at least the 
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major part, of electrotherapeutic apparatus, and for them the 
application of electric energy in medical practice is a synonym 
of faradization. The induction-coils so frequently used in the 
past were of small dimensions, both for the purpose of economy 
and to be easily portable. On account of their small dimen- 
sions, it was necessary, in order to produce sufficient energy, to 
use very fine wire; consecjuently, the current they produced was 
of very high tension and little or no quantity. These coils were 
used to produce energetic muscular contractions without regard 
to their sensory effects or their effects on the spinal centers. 
They were provided with but a single interrupter, which was too 
rapid for the production of physiological contractions, and too 
slow, jerky, and irregular for the production of sedfitive effects 
in painful conditions. The apparent simplicity of their action 
accounts also for their widespread use. This simplicity 
of action is, however, only apparent; for, of all means of 
electric excitation the physician's induction-coil is the most 
difficult to determine its exact value, as regards the effects 
produced by it. 

The faradic current is derived from the physician's induction- 
coil, which should be regarded as a transformer, because by 
means of its interrupting device and its coils of wire it trans- 
forms a direct current of relatively low voltage and high amper- 
age from voltaic cells, storage- batteries, or direct-current dynamo 
into an induced current of high voltage and low amperage. 
The coil-apparatus from which the faradic current is derived 
consists essentially of the following parts: (1) Direct-cur- 
rent source, which may be voltaic cells, storage-batteries, or 
direct-current dynamo; (2) the primary coil with its core 
of soft-iron rods; (3) the vibrator; (4) the secondary coil; 
(6) the condenser. 

13. Current Source for Primary Coll. — The primary 
of the induction-coil may be actuated by the direct current of 
110 volts with a 32-candlepower lamp in series with the 
source. Fig. 28. When using the commercial current to actuate 
the primary, the coil should be j>rovided with a condenser or 
the interruptions of the current will not be instantaneous. 
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Iliysicians who havo the llO-volt direct current in their 
otlirr may iitilizi- it fi»r the following pur|>oses: 

1. For ^^ilvanir an<l electrolytic applications by placing a 
in-raiidli jM»\v« r lamp in series with the source and a variaWe 

n -i.-taiir«- in sliunt with the patient. 

'2. F« .r actuating the primary of an induction-coil by placing 
:i oL*-( .'unll»jH^w« r in series with the source. 

.;. If may l.c utilized as a source of light and cautery and 
.»]-.. t<. a( lu.itt iln' primary of a Ruhmkorff coil for the produc- 
linii nf hiu'li-fn-'jucncy currents or X-rays. 

1 1. r:ira<ru* Coll Actuate<l by an Klectrlc-Ijl|fht 

< irciiit. Tli'.ii-li a faradic coil generally is actuateil by means 
of |.iiiiiary «»r -rcuHlary cells it is sometimes convenient^ when 
a lij/lit ( in ilit is at liaml, to let the coil as well as all other 
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Mppjirjilus l>c operated by means of fianie, and in this manner 
do without primary cells entircily. The main point is to find 
HtiilnMe meMUs whereby the voltage of the light circuit may be 
rei^djited to suit the various requirements. Fig. 28 shows an 
innnigement by m(»ans of which this may be accomplished. 

An incandescent lamp is removed from one of the ordinary 
wall NtK'kelH and a ping p inserted in its place. Conductors 
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/i, and j>, lead from this to the safety fuse/, whence the con- 
ductors c, d go to the binding-posts h^, h^, which connect with 
the primary coil b and interrupter ?\ respectively. The latter 
may be of any form that will give the desired number of 
vibrations per minute. An incandescent lamp I of 32 candle- 
power is inserted in the circuit; as this lamp has a resistance of 
about 110 ohms, it will in a circuit of 110 volts allow a current 
of only 1 ampere to flow. With no further additions to the 
circuit, a current of this strength will pass constantly through 
the primary coil and no regulation of the current- strength will 
be possible; a rheostat a is, therefore, connected to the circuit 
by means of conductors Cp dj, a contact a„ movable along the 
bar aj, enabling the operator to adjust the amount of resistance 
included in the circuit. Connected in this manner the rheostat 
is in parallel with the primary coil, and the current that flows 
through either will depend on their relative resistances. The 
resistance of the primary coil being constant, the current- 
strength through same must be controlled by means of the 
rheostat. If the contact a, of the latter stands at the extreme 
left, the whole current flows through the rod n^ because all the 
resistance is cut out; consequently the coil b will receive no 
current. When the contact a, is moved to the extreme right, 
the whole resistance of the rheostat is inserted and the current 
that flows through the coil b will depend on the relation its 
resistance bears to that of the rheostat. For instance, if the 
total resistance of the rheostat a is 10 ohms and that of the 
primary coil 3.25 ohms, the current through the latter will be 
.732 ampere. If the rheostat resistance is adjusted so as to 
equal that of the primary coil, viz., 3.25 ohms, then the current 
will divide equally between the two and will be reduced to 
.493 ampere through the coil. 

The fuses serve the purjmse of limiting the current-strength 
through the circuit to that of 1 ampere. They are fo made 
that if the line voltage should for some reason increase and send 
a heavier current through the coil-circuit, the fuse will bum 
out and break the connection of the ])rimary coil with the main 
circuit. The current-strength through the secondary circuit is 
adjusted in the usual manner, either by means of the movable 
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?--.■»•: i.iry . ..il ». ..r by means of a rheostat, which in conjunc- 
:. :. u :: t':.;i: ii. iht* iiriinary circuit will enable the operator to 
-■ ■ i .. .::• :.i "f '^uitaMe strength through the patient. 

\: \' ' '. !'»-v..!i vurrt'iit is not available, chemical cells maybe 

. . : : .. ri.iiiiiii ilie primary coil. These cells may l>e of 

•viK. or thev mav be dr^* cells such as the 

^! - : ^:..: i.rl .\ very good cell, on account of its high 

■ -._• i.'.ral'ilitv. is* the Hvdra cell. Two or three 

- ' :• vit-^1 in series are sometimes used for supply- 

: : :i.' faratlic api^ratus; it is claimed that they 

• - -• -•.. it-ry rf>ults. For a portable faradic apparatus 

• •*> t !! i- ihf most serviceable and convenient. 

1 ."». primary tH>ll, with its interrupter and core of 

• - .:• - T::t* sialvanic current from the chemical 

- : . • ■ v'.Mriit with the higher voltage and lower 

k:. wii as the extra, or primnri/^ current is 
:: :: froui this coil. It is unidirectional, 
Its voltage is higher than that of 
!s. aiul the am}>erage of its sepa- 
i^lur, I'Ut of short duration. There 
• N ..:\ i: .::^-i*«'s:s on faradic batteries, from which 

'. - . .•;■.•. ' ..\ 'i t.ikt-r. an«l aj»pUt»d in medicine. The 
:.;.■:..:::.. : : > *.« :i t :;.iHi i< that this primary current is not 
.1 iM.\ .:• .. ':■ :: ..'. :::tri:iipt. li iniliKfd current with a higher 
\. 'i.t;:! r. 1 •:«; r: a:; iHiaiit' than the cells in circuit. It has a 
iiiaiki^l I'- .,i:;\. wliiili may l»o readily test(.*il by holding large 
\\rli-nh»i>tn t ,1 t!tvir.drs in tlie hands. In using the primary 
nini lit iM miianrunsiv. laiiit* wt'U-nioisteiR'd electrixles are 
rnjployni ii» rut ilown iUlant'ous resistance. This compensates 
for tho low vohaiir and facilitates current penetration. The 
power of any current ti> penetrate tissues depends on its 
K. .M. F. and the resistance of its circuit. 

1(>, The vlbnitor is a vital part of <'very faradic apparatus. 
Without it there wouKl be no current. On its smiK)th and even 
action, on the rapitlity and slowness of its movements, depends 
much of tlu' ♦herapeutic work of coil-currents. There should be 
at least two adjustable vibrators — one for rapid vibrations, the 
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other for slow. Slow vibrations include from 50 to 150 periods 
per rninuti^, K^vi"g the muscle time to rest between each alter- 
nate contraction and relaxation. The slow vibrator may be 
adjusted so that it gives from 200 to 2,000 periods per minute, 
producing muscular massage. The rapid vibrator should be 
capable of attaining a maximum rate of from 12,000 to 20,000 
periods per minute. To do good work, they must receive 
careful attention. They must be well polished, thoroughly freed 
from oxids present, and always kept in good working condition. 
Starts and jerks in the vibratory movement are very often 
unpleasant and sometimes harmful, and are always to be 
attributed to imperfect mechanism or to want of ])roper atten- 
tion on the part of the operator. A single non- adjustable 
vibrator does not belong to the farad ic apparatus employed in 
modern therapeutics. Such a vibrator is of little use in the 
treatment of disease. When the indication for treatment is to 
procure sedation, a vibrator that is slow, jerky, and irregular 
does harm. To obtain the best sedative effect, the interrup- 
tions should be rapid (15,000 to 20,000 a minute), perfectly 
smooth, even, and regular. 

The physician should thoroughly understand the working of 
the vibrators of his faradic coil. The manner in which the 
vibrators work is reflected in the wave- form of the coil-current, 
and on the wave-form depend the therapeutic effects on nerve 
and muscle of the current from the faradic coil. One wave of 
the secondary induced current is caused by the variation in 
the intensity of the appearing magnetic field due to the inter- 
rupter closing the primary circuit. The other wave of the 
secondary induced current is caused by variation in the inten- 
sity of the magnetic field due to the interrupter breaking the 
primary circuit. For each oscillation of th(^ interrupter in the 
primary circuit there are produced two induceil currents in 
the secondary — one inverse at the moment of contact and the 
other direct at the moment of break. These two induceil 
currents are equal in quantity, but they differ in tension, due 
to the fact that they are not 'formed with the same rapidity; 
the greater E. M. F. corresponds to the current of rupture. 
Both are due to fluctuations of the primary current; but this 
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Hiictuation is extremely short for the opening current in the 
primary circuit and is much more prolonged when the circuit is 
closed in the primary. The manner in which the potential 
increases and decreases, influences sensation and motion irre- 
spective of the degree of the potential or the rapidity of the 
alternations. Sensory and motor nerve- and muscle-fiber can 
respond in a manner peculiar to each of them when subjected 
to electric excitations to the numl>er of from 6,000 to 10,000 
per second. The lower fre(juenci(« and potentials have an 
exciting and irritating effect, while the higher frequencies and 
potentials have a (juicting and sedative effect From these 
considerations it must appear clear how important a position 
the rapidity and regularity of the oscillations produced by the 
vil>rator occupy in therapeutic results. 

IT. Testlnp: Vibrators. — Tlie vibrator spring and plati- 
num tip sliould 1)0 thoroughly l)ri^ditened. As the vibrator is 
in the primary circuit, in studying the (pialities of its move- 
ments the sec'ondary coils arc not considered. Each degree of 
E. M. F. in the primary acts cilicicntly through an air-gap of 
certain length: If tiic air-gap is too short the current will be 
too heavy and will rapidly destroy the interrupter; if the 
air-gap is too long, there will bo no current. The physician 
should therefore practice regulating the spark-gap to correspond 
to the E. M. F. in the ])riinary circuit. He should practice 
adjusting the vii)rator for all variations in the E. M. F. from 
the fraction of 1 volt to G or 8 volts, or the maximum current- 
strongtli availal)le in the primary circuit. 

The physician should first study the finest adjustment 
possil)le with the vibrator on his faradic (*oil. By the finest 
adjustment is meant that length of air-gap bet'veon the vibrator 
spring and the platinum tip through which th(^ current of the 
smallest E. M. F. will actuate the vibrator. Having secured this 
adjustment In- rej)eated manipulations of the platinum tip and 
primary-current rheostat, he should study its sound through 
tlie tel(*ph(me nx^eiver and also observe closely its color and 
character. When the physician is thoroughly familiar with the 
finest adjustment for minimum voltage, he should practice the 
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same adjustment for all degrees of voltage available in 
the primary circuit. Practice of this kind will quickly render 
him master of the interrupter and will enable him to use the 
different secondary coils of his faradic apparatus to the best 
advantage. 

18. Condenser. — The addition of a condenser to the 
circuit of the primary coil reduces as much as possible the 
duration of the variable period when the primary current is 
interrupted. No matter what interrupter is employed, at the 
moment the primary current is broken, a spark is seen between 
the contacts of the interrupter. These sparks are due to the 
self-induction of the primary coil and should be avoided for 
two reasons — one of which is physical and the other biological. 
The spark at rupture is more energetic than would be produced 
by the inducing current itself, and its production at each 
interruption by self-induction prolongs the duration of the 
primary current, because it decreases the resistance of the 
air-gap. Instead of an instantaneous interruption there is a 
diminution of intensity before the current ceases and the 
demagnetization of the soft-iron rods of the core takes place 
more slowly, owing to self-induction. 

Both of these objections are overcome by placing a condenser 
in a derived circuit from one part of the interrupter to the other, 
as shown in Fig. 62, Magnetism and Eledromagnetism. When a 
condenser is placed in circuit, the current due to self-induction 
discharges into the condenser; the condenser discharges imme- 
diately through the primary coil and the battery. This current 
of discharge opposes the primary current and demagnetizes 
instantly the core of soft-iron rods, and the induced current 
of rupture is made shorter and consequently more intense. 
Another result due to the condenser that the physician will 
appreciate is that the interruptions are made more regular. 

From a physiological point of view, also, the condenser is of 
importanca The sensation produced by the induced cur- 
rent is altogether different, depending on whether the coil is 
furnished with a condenser or not. This difference in sensa- 
tion is readily observed on testing a given coil with and without 
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a coiulenser. The capacity of a condenser suitable for a given 
coil must be determined by experiment 

1J>, St^conclary Colls. — The secondary of the modern 

fariulic apparatus is now generally composed of either one coil 
baviiijij wires of diiTerent length and sectional area and tapped 
at (lilTtMtnt Kngtbs, or of two or more qoils each of which is 
composed of a certain length of wire of a specified size. In the 
Kngelmann battery, as modified by Goelet, the secondary is 
ma<l<' Jis follows: 

All tlie dilTerent wires are wound on one spool, movable over 
the primarv, and having a rheostat adjusted in the circuit of the 
primary. First, 'ii^S yanis of No. 21 wire is wound on the spool, 
an<l divided into two lengths of 84 yards and 154 yards. Next 
is wound SOO yards of No. 32 wire, which is divided into 300 
yards and oOO yards, which, with the total 800 yards, gives three 
lengths of coil. Over this is wound 1,500 yards of No. 36 wire, 
divided int«> .'>()()- and l,()()0-yard lengths, giving three divisions 
of this wire: \ J)W yards, 1,6<X) yards, and 500 yards. Thedif- 
ferent lengths of the c()il terminate on a hard-rubber head at one 
end (►f the spool and the selection is mad(» by means of two mov- 
able levers or arms. The K. M. F. in any of these secondary 
coils de])ends on ( 1 ) the amperage of the primary current, (2) on 
th<' resistance of the secinidarv coil employed, and (3) on the 
duration of the variable period of opening and (tlosing. 

The resistance of the secondary coil employed is governed by 
the length and sectional area of the wire. It will, therefore, be 
clear that in order to provide different voltages and difTerent 
rates of How it will be necessarv to have coils made of different 
lengths and sizes of wire; hence, the necessity of a set of stand- 
ard s<rondary coils. Coils of dilTerent lengths and sizes of wire 
will produce induced currents of different voltages and different 
rates of How when placed in magnetic fields of the same inten- 
sity that appears and disappears at the same rate. In the phy- 
sician^ s induction-apparatus, the magnetic field is produced by 
the current in the primary coil, and the magnetic field is made 
to ap])ear and disap})ear by the interruption in the primary 
circuit. Each secondary coil that is placed in this field will 
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produce an induced current whose voltage and anii«rage are 
determined by the the number of turns it contains and by the 
length and cross-aeclion of its wire, and also by the rate at 
which the magnetic field appears and dii^appeara. 

French clectrotlierapeutistfi employ three separate seconilary 
coils, made as follows; 

Ist secondary 1,150 meters of No. 35 wire, It = 1,000 
2d secondary 351 meters of No. 21 wire, R = 15 
3d secondary 9G meters of No. 15 wire, R ^= 1 
The primary coil is made of 
No. 21 wire and contains 
100 melers; the resistante is 
4.3 ohms. 

Any of these sen-'ondaries 
may be plaee<I over the 
primary at will. The cur- 
rent-strength is regulated as 
in all Dubois-Reyntond 
coils, or the secondary may 
entirely overlap the primary 
when the current-strength is 
r^ulated hv a rheostat in 
the patient's ciicuit. The 
rheofltat illustrated in Fig. 
29 serves this purpose ad- 
mirably well. 

20. Fluid Rheostat 
by BcrKOiilO. — When a 
rheostat is included in a 
patiant's circuit for the pui- 
pose of adjusting the cur- 
rent-strength through 
latter, it is im]MirUint that' 
the current regulation ef- 
fecte*i by same should he 
uniform and free from any '"" "" 

sudden variations. This hag benn the aim in constructing the 
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rill nstat shown in Fig. 29. Into a glass vessel a partly filled 
with water or soiiu* other tluid, the glass-tipi>ed carbon tongues 
/>, r ninv he made* to descend. As the outlines of these are 
l»anihoh<. thr incrijiso in area they offer for the passage of an 
« Irrtiic ciirnnt through them will be in direct proportion to 
tin «li-t.in('r thiou;:h which thoy move. They are insulated 
ti III r.K h <it)i( rhv nicansof the ebonite block ff and attacheil to a 
j.hitr , tliiouL'h wlii(}» the rods /,,/, pass in order to connect with 
tin 111 A |>Iat« /., also made of insulating material, carries the 
twM l.iiMliiij-p..-ts /,, /.. through which the roils/,,/, may slide. 
I'lir j.Iatt / may 1k' moved up or down by means of the 
wlir. 1 // . \\lii< h lias on its shaft a small pinion engaging with 
\l.i \:\iU •/ aitatlnd to tlic rod h. When the conductors A*,, 1*, 
..f til'- |«ali< ht".- (in iiit an- inserted in the binding-{>osts j„ i,, it 
if^ r-< I II ilial iln- elritiir current will descend through the rod/ 
ah.l <.i!l)«'ii '> ii.t<' ar.'l through the liquid to the other carl )on c 
ami i"'l.V :iii'l then (»ut through the other binding- post i, into 

1 In- • MlidlirtMl- / . 

"2 1 . 'i'iie li.ii'.u iiiL!^ factors determine the voltage and amper- 
.li-r n|' ilif rnii«i;t pnnhu e«i hv any secondarv coil: 

1. 'I'lir iiitriivjiy of the magnetic field j)roduced by the 
|piiMiarv current aii<l the rate at which it appears and dis- 
a|'|H-ai>. 

•J. The rr-i>tan<'e of the secondary coil; this is determined 
hv the leiiL'th and cross-sect i(»n of the wire used. 

:\. The niniii)er of turns of wire in the secondary coil. 

i)iJTrreiit coils do not produce cmTcnts of difTerent kinds; 
they all pHMlucr induced currents, i»nt these induced currents 
varv ill voltage and :uiij)erage according to the physical condi- 
tions existing in both the ]>rimary and secondary circuit. 

lili. Tf^ts for Si»ronclary (\)Ils. — To apprc^ciate the sig- 
niTnance of a set of standard coils for the secondary of a faradic 
apparatus, we reiMunmcnd the following exi)eriments: 

Connect a telepiione receiver to the binding-posts of a faradic 
apparatus and by means of a rheostat in the primary circuit 
allow the minimmn current that will actuate the rapid vibra- 
tions tt) How thn)Ugh tiie primary. Now place over the primary 
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the coil composed of 1,500 yards of No. 36 wire, then the coil 
composed of 800 yards of No. 32 wire, and finally the coil com- 
posed of 250 yards of No. 21 wire. Study closely the sound 
produced by the current from these different coils, as it will 
give you a good idea of the current volume produced by each. 
It will be observed that the volume of sound increases as the 
length of the wire decreases and as the diameter increases. In 
other words, the volume of sound produced by the coil of medium 
size is greater than that produced by the coil of long line wire 
and less than that produced by the coil having only 250 yards 
of No. 21 wire. This is a very practical study and will do 
much to give the student a clear conception of the function 
of different coils. 

When it is desired to study the comparative values of the 
E. M. F. of different coils, a rheostat of high resistance is 
required in series with the coil. When testing the comparative 
values of the current volume produced by different coils, the 
maximum current-strength of each coil reached the ear; the 
E. M. F. of the coils was not changed by any external resist- 
ance. With a given resistance in series with the coil it will be 
observed that the volume of sound increases not from the long 
to the short coils, but in an inverse direction; that is, from the 
short to the long coil. From this we conclude that the E.M.F. 
of the coil of long fine wire is higher than that of the short 
coarse wire. With a scaled rheostat of high resistance in the 
secondary circuit the great difference in voltage between the 
coarse-wire coil and the fine- wire coil is readily appreciated. 

The importance of these two experiments in the corre(;t 
appreciation of the therapeutic vjilue of the currents from coils 
composed of different lengths and sizes of wire is not easily over- 
estimated. While studying the current volume of coil-currents 
by means of the telephone, the maximum current of each coil 
reaches the ear; it is important therefore that the current in the 
primary be just sufficient to actuate the vibrator, otherwise 
the noise would be disagreeably loud if not actually painful. 
The current-strength in the primary may be considerably 
increased when testing the E. M. F. of diffcTcnt coils, because 
part of the current is consumed in the external rheostat. 
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23. When tlie eecondary coil is composed of wire of three 
difTiront sizes, Nos. 21, 32, and 36, and tapped by means of two 
l«'V(Ts lit t<'n t)r more different places, it is an interesting and 
i list nut ivc study to con)j>are the varying volumes of sound 
prodiurd l)y the rurrent from the ten or more different sections 
of wire of (liffcnnt lenj^ths and sizes of which the secondary 
<«)il is coinposod. 

'I'lir ('oii«rnss of Ehrtricians, in 1881, recommended but one 
secondary coil composed of 5,000 turns of wire in 28 layers. 
'I'lic win^ liad a diameter of .25 millimeter, the resistance of 
\\liicli was '2X'2.\) olims. A coil of that kind is far from meet- 
ing tlie tlnrapcutic indications of coil-currents, but it might be 
useful for lis sensory clTccts in the treatment of certain cases of 
.iinst]i«--iM. Sucli a coil has too much tension and not sufficient 
• juaiiiity. It is self-evident and requires no long explanation 
that all jiatliolo^Mcal conditions do not require the same dosage. 
Mild it is |>recis( ly to provitle different dosages of coil-currents, 
<lilTereiit ratios of voltage to amperage, that the modern faradic 
a|«|»aratus is coniposed of several secondary coils having wires of 
dilTt-rrnt leiiL^tlis and sizes. 

The therapeutic indications of eoil-currents may l)e located 
in deep-seated orL'ans or nerve-trnnks, striated and non-striated 
nniM-les. Thev mav also he located in the sensorv nerves of the 
skin, the irritahilitv of which mav he increased or decreased: 
or these currents may he re(|iiired to influence the vasomotor 
nerves and nutrition, and in order to meet these therapeutic 
in<lications a fara<lic apj)aratus witli a standard set of secondary 
coils is indispensable. 

rilVSIOI.CHilCAL EFFKC'TS OF FAUADIC CURRENTS. 

154 • We shall study tlie effects of faradic currents on (1) 
motor nerves and striated and non-striat<^d muscles, (2) sensory 
nerves, (3) vasomotor nerves, (4) nutrition. 

The (^xtra-current of the primary coil, the so-called primary 
indu(*ed current, has the same direction as the battery current, 
hut differs from it in having greater quantity and higlier E. M. F. 
It is therefore a unidirectional induced current and possesses in 
some degree the ])roperties of the galvanic current. It is l>oth 
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electrolytic and cataphoric in its effects, but its chief action is as 
an excitant to contractile tissue by reason of the interruptions, 
which cause a sudden variation in potential. 

The currents from the secondary coils consist of two waves in 
opposite directions. If these two wives are isolated by means of 
a special device and each is allowed to act in a separate circuit, 
that is, the positive waves in one circuit and the negative waves 
m a'nother circuit, the currents thus produced can be studied 
sej)arately. It is found that they have all the properties of 
rapidly interrui)ted galvanic currents. These'currents can, like 
the galvanic current, produce electrolytic and cataphoric effects; 
and by reason of their rapid variations in current-density they 
cause energetic muscle-contractions. Induced currents differ 
from direct currents by their duration, which is extremely short; 
they also differ in that induced currents periodically change 
their direction. 

The difference between the E. M. F. of the two induced cur- 
rents produced by each oscillation of the vibrator of a faradic 
coil is sufficiently great that in medical practice the E. M. F. of 
the inverse current, or currf^nt of closing, may be ignored. In 
fact both currents, the inverse and direct, act mechanically by 
reason of their E. M. F., but the E. M. F. of the closing, or 
inverse, current is too feeble to produce any physiological effect 
whatever. It is only when the electric excitation is very strong, 
so strong that the direct, or opening, current is no longer suji- 
portable, that the inverse, or closing, current is capable of 
causing muscular contraction. We see then that although the 
current from the secondary of an induction-coil is an alternating 
current when acting through low resistances, when applied to 
the liuman body it is unidirectional, because the E. M. F. of 
the inverse current is not sufficient to overcome the resistance 
of the tissues. 

25. Unldlpectlonal, Interrupted, Induced Currents. 

The currents derived from the secondary of a faradic apparatus 
are, physiologically considered, unidirectional, interrupted, 
induced currents. It is probable that they possess cataphoric 
and electrolytic properties however slight; but their chief action 
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on the human organism is to produce contraction of muscle- 
fiber, striated and non-striated, and to excite movemenUs in 
living jirotoplasm. The currents of the induction-coil are thus 
seen to be chiefly serviceable in stimulating the activities of the 
tissues within the range of their physiological action. The 
currents may also be of low voltage and comparatively high 
intensity, as for example, the current from the coarse-wire coil, 
or they may be of very high voltage and feeble intensity, as the 
current from the long fine-wire coil. 

Intermediate coils have voltage and amperages corresponding 
to the length and cross-section of their wires. They may also 
be of high or low fre<|uency, according to the rapidity of the 
oscillations of the vibrator. In order to understand the effect 
of currents for faradic coils and to intelligently apply these 
currents, their wave- form or characteristic of excitation should 
be thoroughly familiar. It will be ()l)8er\'ed, on comparing 
Figs. 7 and 13, that there is a marked difference in the configu- 
ration of these two wave-forms. The sinusoidal wave, while 
it periodically changes its direction, is continuous; there is no 
interruption. The most striking feature of the faradic wave is 
its interruj)ted configuration. The faradic wave-form shows a 
period of inaction or interruption not only between each break 
and the succeeding make, but also between each make and 
break; that is, between the appearing and disappearing of the 
magnetic field there is a j)eriod during which it does not vary 
in intensity. 

■ 

liG. Muscular Contraction. — Faradic currents are very 
ap|)n)priate for the production of nuistrular contraction, and 08 
museular contraction is an important factor in the physiological 
elTeels ainl therapeutic results of these currents, a short descrip- 
tion of it will be given here. The contraction produced by the 
fara«lic current is more energetic when the current is ap]>lied 
to the mot(»r nerve than when it is applied to the muscle. 
When the motor nerve is stimulated all the nerve-fibers that 
supi»ly the musi'le are stimulated at the same time; the 
action is more localized when the excitation falls on only a 
part of the muscle- libers, as in the indirect application. 
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Theoretically, muscular contraction is divided into three 
periods, namely: (1) Latent period, which has a duration vary- 
ing from .004 to .01 of a second; (2) period of increasing 
energy, which has a duration varying from .03 to .04 of a second; 
(3) period of decreasing energy. The period of decreasing 
energy is generally a little longer than that of increasing energy 
and has a duration varying from .04 to .06 of a second. If tlie 
second excitation takes place during the latent period of the first 
contraction, there will be only one contraction. 

In order to produce muscular contractions of maximum 
energy the excitations should succeed each other at intervals of 
-^j^ second. If the excitations follow each other in rapid suc- 
cession, the muscle has not sufficient time to relax betw^een the 
excitations; it maintains a certiiin degree of shortening and its 
myograi)hic trace indicates a convulsive trembling. This con- 
dition of the muscle is known as tetanus. It is important 
to recognize that tetanic muscular contraction is not a uniform 
continuous contraction but a form of discontinuous movements 
resulting from the superposition of a scries of muscular con- 
tractions. The production of tetanic contraction requires a 
certain number of excitations per second, which varies w'ith 
the length of the individual contractions. When the individ- 
ual contractions are long, it requires from 8 to 12 excitations per 
second to produce tetanus; when the contractions are short, 
from 18 to 20 excitations per second will be required. If the 
time of tetanic muscular contraction is prolonged, the muscles 
finally relax, even when the excitations are continued. The 
relaxation is at first rapid and then slow. This relaxation of 
muscles is known as the 'plioxamenmi of fatigue. 

The faradic current with each vibration of the interrupter 
produces a muscular contraction; to produce a tetanic contrac- 
tion, it requires from 20 to 30 excitations per second. That is 
the inferior limit. As the number of excitations per second 
increases, the tetanic contractions also increases; but there is 
also a superior limit beyond which the tetanic contraction not 
only does not increase but diminishes and finishes by completely 
disappearing. This limit has been ascertained by d' Arson val to 
be within from 2,500 to 5,000 excitations per second. 
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tIT. Polarity of Col I -Current. — As the ]>hvsiolnj 

< iTrrts of f:ir:nli<' curroiits nn» i\\\v Uy olfH'tric wavo« having 
>M\\v <lin'('tion, it is hut natural to supjKise that it {xjssei 
|H.l:irity, That \hv faradic current i)O88es808 iM>hirity may 
«l«inMiisti;it<'«l as follows: Plaro a small t»le(!tro<le on tlie flex 
-inf:i(M' nf \]w fnri'arni and complete the circuit !>y placing 
l.iiL''' iinlilTrn'nt eltM^trode on tlie sternal or cervico-dorsa 
iiji'ii :m<l ^'ra<hia]ly increase current-strength until glighi 
( .iMiiM( litnis [\vr noted in the muscles of the forearm. Without 
'I iii.»\ iiit: tin- rlcctrndi's or altering the current-stren«rth, reverse 
tin <njnnt; then* will he no contraction of the niusck*s of the 
:• •n:irin. A> only tlir waves pro<lucing a hreak are consi<Iereil» 
tin* « nrniii in thr rxtrrnal (lircuit of the coil flows alwavs in 
tin -:inir «linrti«>ii from one terminal of the coil to the other. 
I'lir I'lirniit lu'li:iv(s. then, in the external circuit as a direct- 
iiiii rin|itril I innnt; mid if \\w electrode that produced contnic- 
lidii- <'l tlir MMist Its of tlh' f«>r('arm with a minimum current 
i- ti:i. « .1 !•» iln' ('nil-tcnniiiMl it will he found to he connected to 
iliMt i<'iiiiiii;il t.>wMrd which the current flows. This we know 
i- tin iML-ntiv* |Mih' (.f the farndic current : therefore, this pi»le 
jUMiliici-.- ;i Mioir ciMTL^rtic <'(>ntra<*tion with a given curreiit- 
-Inn^Mli tlum tin* positive. If one electrode is held in each 
liMinl Mild tlir <uii«iit increased until moderate contractions 
;ire |.ro<lnce(l in tlie muscles of the fon^arm, it will he ohserveil 
tliMT tlie contractions are more vigorous in the muscles corre- 
spondinL' to llie electrode connected with the coil-terminal 
towanl which the ctirient Hows from the external circuit. 

If two electrodes of the s:nne area are ])laced a few inches 
apart on tlie tlexor surface of the forearm, the sensations 
heneath the ( lectrode connected to the t<M*minal of the coil from 
w hich the current Hows in the external circuit are not nearlv so 
strong with a given (Mirrent-strength as those produced beneath 
the electrode connected with the terminal toward which the 
current flows. The terminal from which the current flows is 
positive and that to which it flows is negative; the negative 
pole, therefore, ])roduces more energetic contractions and more 
sensory irritation with a given current-strength than the positive 
pole. An easy means of determining the polarity of coil-currents 
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consists in connecting a Geissler tube to the terminals of 
the coil. The end of the tube in which the violet light appears 
corresponds to the anode; the other end, or cathode, remains 
dark. 

28. Effects on Striated Muscles. — The researches of 
Debe<lat are conclusive regarding the eflfects of slowly inter- 
rupted faradic currents on striated muscle-fiber. Debedat 
operated on the posterior femoral muscles of the rabbit. He 
made. twenty applications in all, each application consisting of 
80 rythmic faradic contractions per minute. The duration of 
each application was 4 minutes. For every second of muscular 
action there was 1 second of muscular repose. Debedat assured 
himself before experimenting that the weight of the posterior 
femoral muscles of the rabbit was the same on both sides. The 
weight of the rabbit before the faradic applications were made 
was 892 grams, and after 20 seances the weight was 1, 150 grams, 
showing a gain of 258 grams. 



TABIiB 

DIFFERENCE INT WEIGHT CAU 

CORRECTI.Y A 


1. 

SED BY COIL- 
PPLIED. 

Before Electric 

Applications. 

Grams. 


•CURRENTS 


Weights of the l*osterior Femoral Muscles. 


After 20 Electric 

Applications. 

Grams. 


Biceps 

SemitendinoBiis 

Semimembranosus 


4.(50 
1.40 
3.50 


6.00 
2.10 
5.00 



This shows the increase in weight due to the electric applica- 
tions. By palpation it was also easy to detect tlie increase in 
volume of the muscle that had been rvthmicallv fiinuliztd. 
Histological examination demonstrated that the hypertrophicd 
muscles had all the appearance of normal muscles. Tin* 
muscle-fibers were regular, the striation was distinct, and the 
interstitial tissue was scarcely apparent. The faradic appli- 
cation as applied by Debedat produced hypertrophy of the 
muficular-tissue itself. 
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29. To demonstrate the effects of coil-currents incorrectly 
applied, Debedat employed the same current that he caused to 
act rythmically and within the limits of physiological exercise 
in his first experiment, hut he increased the number of vibra- 
tions per minute so that tetanic contraction was produced. 
After 20 seances of 4 minutes' duration, the results were as 
follows : 



TABTjE 2. 

DIFFERENCE IN WEICJIIT CLAUSED BY COIL-CURREXTS 

INCOUUECTLY APPIilED. 



Weight of rabbit 

Weight of poHU^rior femoral biceps . . 
Weight of posterior femoral semitendi- 

nosus 

Weight of posterior femoral semiinoni- 

branosus 



hofoTo Electric 

Applications. 

Grams. 


AOer 20 Electric 

Applications. 

Gramtt. 


0S2.()0 


720 00 


3 20 


3.05 


1.20 


1.20 


2.40 


2.25 



Here there was true atrophy of the muscular substance itself. 
In the muscles that were atroj)hied, lesions were easily oteerved 
in the muscle-fiber itself without any apparent reaction in the 
interstitial tissues. The results of these physiological experi- 
ments of Debedat prove conclusively that the therap>eutic 
efTec'ts of fanidic currents may be beneficial or otherwise, 
according to the technique of applying them. If in a case 
of traumatic muscular paralysis the faradic current is applied 
so as to produce tetanic contractions for 3 or 4 minutes, the 
conditions of the muscles will not be improved, but on the 
contrary it will be made worse. To apply the faradic even in 
a case as simple as this, recpiires a thorough understanding of 
the laws of eloctrobiology. 

30. Effects of Fine iind Coarse Colls.— The diflferent 

eflects of the long fine coil and the short coarse coil, both 
oj)erating through low resistance, may b«; well observed in 
making a vaginal aj)plication in a healthy woman. Place 
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in the vagina the hipolar vaginal electrode connected with tlie 
long fine coil; its action will he agreeal)le and sedative. Now 
disconnect the electrode, and join it to the short, coarse coil; 
the eilect will he altogetl>er diflferent. The sharp, strong con- 
traction produced will he painful. Now, with the same 
coil-currents make a percutiineous aj)plication. The effects 
])roduced percutaneously, like those produced perniucous, will 
be found to varv with the alterations in the electromotive force, 
with the changes in current-strength, and the varying resistance 
of the tissues. It will he readily understood that a current of 
high voltage will penetrate more deeply than a current of low 
voltage, the resistance remaining the same. If a current pene- 
trates more deeply, it is more diffused; its action is spent on 
a larger tissue area; it must necessarily he milder and more 
sedative than if it were limited to a smaller area. The coarse- 
coil current lacks penetrating power on account of its lower 
voltage. It is limited to a small area of tissues, and hence its 
stimulating quality. The long fine coil, hy virtue of its high 
voltage, penetrates deeply, diffuses into tissues, affects a large 
area, and is sedative in its quahty. The current from any 
coil will vary with alterations in the inducing force, in the 
rapidity of interiuptions, and with the resistance in circuit. 

31 • Kffects Pi-oduced by Slew and Ilapid Interrup- 
tions. — A slowly interrupted faradic current produces isolated 
muscular contraction, with increase in nutrition and increase in 
physiological develoj)ment. A rapidly interrupted coil-current 
tetanizes muscles, and produces muscular anemia and his- 
tological degeneration. Interruptions varying from 200 to 
3,000 periods per minute cause electric massage, and are much 
used in pelvic inflammatory troubles when pain is not a symp- 
tom. They do not produce sedative effects, and are not 
adapted to stimulate grouj)S of muscles when the olgrct is 
to improve nutrition. The utility of coil-currents in the 
treatment of diseased conditions is not limited to their j)ower 
of contracting nmscles. Indeed, they often appear more effect- 
ive than the direct. current when judiciously used in neuro- 
muscular maladies attended with reaction of degeneration. 
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Slowly interrupted coil-currents have very little action on 
non-striated rauscles, but when rapidly interrupted, the non- 
striated muscle-fiber responds vigorously. Each fiber con- 
tracting successively, the normal vermicular movement of the 
arteries and arterioles is stimulated. This accelerates the flow 
of blood and lymph through the tissues, relieves venous stasis 
and areas of congestion, promotes absorption, and increases the 
elimination of waste material. 

32. Use of Coarse-Wire Coil. — As a muscle-stimulator, 
the current from theb coarse- wire coil is to be preferred. When 
using the coarse- wire coil, on account. of its low voltage, the 
resistance of the tissues should be lessened by using large 
electrodes and thoroughly saturating the skin. In uterine 
subinvolution, the infiltration between the bundles of muscle- 
fibers decreases uterine muscular contractility. In these cases 
the current from the coarse- wire coil, on account of its greater 
amperage, and therefore greater stimulating property, is partic- 
ularly indicated. The low resistance of pelvic tissues is suited 
to the low voltage of the coarse-wire coil, and the greater amper- 
age or stimulating property of the coarse- wire coil adapts itself 
well to the decreased uteromuscular contractility. 

33. Use of Fine-Wire Coll. — In large, soft myomas. 
Doctor Massey speaks well of the action of tlie })rimary current 
in producing muscular contraction. The rajmlly interrupted 
current from the large fine- wire coil may also be used to contract 
muscles, but its chief use is to establish local unconsciousness, 
to allay pain, and to procure sedation. IIow the rapidly inter- 
rupted current from the fine-wire coil allays pain and procures 
sedation is not yet satisfactorily determined. Doctor Goelet 
claims that it is due to a temporary paralysis of the motor and 
sensory nerves acted on by the current. The relief of pain 
that follows the application of these currents, in the manner 
described for producing sedation, may he explained in this way, 
viz., the ra\nd succession of ini])ulse8 imparted by the inter- 
ruj)ti()ns may be regarded in the nature of a percussion that 
induces a condition of concussion of the nerve-filaments, impair- 
ing their condition to conduct painful impressions. The intense 
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stimulation of the motor nerves produces a tetanic contraction 
of the muscles that eventually wears out their contractility, 
producing relaxation, or a temporary local paralysis that means 
rest for the diseased parts they encompass. It is probable, also, 
that relief of the congestion on which the pain may, in a great 
measure, depend, is another way in which this result is reached. 

34. Sedative Properties of Rapidly Interrupted 
Current. — Both muscles and nerves, by the tetanizing action 
of the current, have their irritability rapidly exhausted. 
Apostoli attributes the sedative effects to the direction in which 
the electric impulses travel. lie supposes that they are in a 
direction against the impulses of pain, and in that way annul 
their effect. Dr. W. J. Morton explains the sedative properties 
of the rapidly interrupted current, by assuming that the nerve- 
filaments of the area acted on by the current are in a condition 
resembling that of cerebral concussion. The current acta 
mechanically by producing a commotion like that caused by 
a blow or an injury to the cerebrum. A strong faradic current 
from the long fine coil, rapidly interrupted, tetanizes the muscles, 
both striated and non-striated, exhausts rapidly neuromuscular 
irritability, and destroys pain. As a sedative benumbing agent, 
this current is much employed in gynecology. Its pain- relieving 
properties in pelvic maladies are second only to opium. Its 
properties to stimulate muscles are used in various diseases of 
the neuromuscular system. 

35. Fatlg:uingr Quality of Current. — The fatiguing 
quality of the current is employed in the treatment of spas- 
modic contractions and in hysterical contractions. The current 
is applied to the contracted muscle until it is thoroughly relaxed. 
Contraction takes place again shortly after the treatment, and 
the applications must be continued daily until a cure is ofTectod. 
The current will give good results in this way in many ortho- 
pedic cases. In using coil-currents from either the coarse- wire 
coil or the fine- wire coil, whether with fast or slow interruptions, 
fix clearly what it is desired to accomplish, and with this end in 
view apply the current. The effects of high-tension induction- 
currents on body nutrition have been very clearly investigated 
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within reoont years. M. (rArsonvaPs experiments show that 
general faradization increases respiratory functions hy stimula- 
ting the muscular system and also the sensory nervous system. 
Cleneral faradization, therefore, increases nutritive changes either 
with or without muscular contraction. 

36. Retai-dation of Nutrition. — Analysis of urine made 
by Doctor Berlioz proves the efficacy of high-tension induction- 
currents in all those diseases characterized by retardation in 
the processes of nutrition. The increased activity in oxidation 
was shown in the diminished amount of uric acid and the 
increased amount of urea eliminated. Mineral products and 
organic waste are also better eliminated. These currents increase 
the appetite and improve digestion. Return to natural sleep 
with a renewed power for work, both mental and physical, are 
among the effects first noticed. The diseases most amenable to 
treatment by these currents are gout, rheumatism, and diabetes. 

37. Action on Muscles. — When both electrodes are 
applied directly to tlie skin, the action of rapidly interrupted 
currentJF* depends on the electromotive force. With moderate 
K. M. F. the reaction is principally on the skin, which becomes 
reddened, due to the stimulation of the vasomotor nerves. 
Then^ is also a pricking sensation, due to irritation of the 
sensory nerves. With increasing E. M. F. the muscles beneath 
the skin are thrown into tetanic contraction, which, if persisted 
in, will quickly jiroduce fatigue and exhaustion. The neuro- 
mnscular rHS])<)nse will be ([uickor and more energetic if the 
electrode is placed over a motor point. Changing the position 
of the electrode rapidly from one motor jxnnt to another, or 
touching the same motor point at as short intervals as possible, 
causes an agreeable tonic exercise of the muscles, which restores 
lost tone and gives renewed energy to fatigued muscles. This 
action (^f the tetanizing current on nniseles is very important 
and deserves special attention. A large part of the therapeutic 
action of coil-currents in human tissue depends on their power 
to contract Tnusele-fiber, and on tli(^ rapi<lity and varying 
durations of these contractions will depend the different 
elTects i)r(Kluced. 
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38. Vasomotor EflTects of Currents. — If a tetanizing 
contraction is long maintained, fatigue and exhaustion must 
follow. But when the tetjinizing action is orly momentary, as 
when the electrode is rapidly shifted from one motor point to 
another, the hlood- and lymph-currents within the muscles are 
accelerated, the muscles receive an increased supj)ly of oxygen, 
and thus energy and vitality are quickly restored. The light- 
ness and buoyancy experienced in the muscles thus exercised 
are due to the vasomotor effects of the current in increasing the 
supply of oxygen to the muscles, giving new life and energy. 

31). Vermicular Action. — Rapidly interrupted induc- 
tion-currents })roduce a vibratory movement in the })rotoplasm 
of the body, and, as protoplasm constitutes nine-tenths of the 
body, and nine-tenths of its most vital parts, the influence of 
these currents may be better api)reciated. The vermicular 
motion of the blood-vessels and intestines is increased in the 
direction of the current. Polaritv must therefore be considered 
when the effects of these vermicular movements are required. 
The vasomotor nerves and the visceromotor nerves are very 
actively stimulated by rapidly interrupted currents. Stimu- 
lation of the visceromotor nerves increases the peristaltic action 
of the intestines, accelerates the blood-current in the intestines, 
promotes intestinal secretions, and relieves constipation. They 
increase the secretions of serous surfaces, for by them a dry and 
creaking joint may be made to secrete. Glandular secretion in 
general is stimulated, and the entire sympathetic system comes 
within its range of action. The physiological action of these 
currents on the vasomotor, visceromotor, and secretory nerves 
explains its therapeutic use in a wide range of diseases* 

40. Pelvic Effects of Currents. — The pelvic effects of 
currents both from the coarse and the fine coil re(iuire special 
attention. The mucous tissues of the ])elvis conduct electric 
currents with the same facility as saline solutions. This good 
me<lium of conductivity is surrounded by a bony wall a j>oor 
conductor; hence it is that the electric current ])ermeates all of 
the pelvic viscera. The bipolar method of treatment, dispensing 
with the inconvenience and pain of the unijK)lar method, Ikls 
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done much to popularize the use of electricity in pelvic diseases. 
The bipolar method permits also the use of much stronger 
currents than were heretofore used, and concentrates them on 
the organs to be treated. Resistance is still further diminished 
by placing both poles near each other on the same electrode. 

41. Uterine Treatment. — The vagini^ and uterus are 
comparatively insensitive to electric currents, and much 
stronger currents can be used, since the painful cutaneous 
surface is eliminated, and the resistance is less than that of 
the skin. The electric current must not be turned on until the 
electrode is well placed within the uterus or within the vagina; 
it must be supported by the hand during the seance, and must 
not be removed until the current is tunied off. Special care 
should be taken to see that the extenial pole of the electrode 
do(« not come in contact with delicate, sensitive structures 
at the vulvo-vaginal junction. The poles of the bipolar vaginal 
electrode are li inches apart, and those of the uterine electrode 
are 1 inch apart. The internal os is very sensitive to the 
electric current; both poles of the uterine electrode should 
therefore ])e well within the body of the uterus before the 
current is turned on, and should be maintained there by 
the hand during the entire seance and until the current is 
turned off. By olwerving these few details the patient may be 
spared much pain. 

42. The current from the coarse-wire coil is used to stimu- 
late and contraet the muscles in the pelvis. This current was 
particularly studied and developed by Tripier, as the fine-coil 
current was by Aj)ost()li. Flexions are corrected and the 
development of the uterus increased. Passive congestion and 
subinvolution are removed by the stimulating and contracting 
powers of coarse- wire currents. A large relaxed discharging 
uterus, under the use of this current, soon regains tone and 
diminishes in size, while the endometrium returns to its normal 
condition. In using the coarse-wire coil for these purposes, 
slow interruptions alone are used. Relaxed pelvic tissues from 
any causes and relaxed vaginal walls, Jire amenable to treat- 
ment l)y this current. The chief pelvic effect of the fine- wire 
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coil-current is to relieve pain and congestion. The pelvic 
effects of the current from the fine-wire coil depend on the 
method of administration, strength of current, and the rate and 
quality of interruptions. When stimulation is desired, short 
applications are the rule. When sedation is required, the 
stance should last from 15 to 30 minutes, and the current must 
be turned on gradually and evenly. There is not much danger 
of producing too much sedation. 

43. Massage Effects. — To produce massage effects, inter- 
ruptions varying from 1,000 to 2,000 per minute are used, and 
the stance must be short. To procure sedation, the maximum 
rapidity attainable is used, and the stance should be long. The 
current from the long fine-wire coil may be made stimulating 
by increasing its strength rapidly and maintaining the strength 
at a point where it is felt throughout the entire stance. For 
this purpose the application should not be prolonged beyond 
5 or 10 minutes. A sedative application may be converted into 
one that is stimulating by changing the number of vibrations 
per minute. Extremely rapid vibrations are sedative; coarse 
vibrations from the long fine-wire coil are stimulating. 

44. Summary. — When the indication for treatment is 
principally to act on the circulation, the unipolar method 
should be used, because the circulation is increfased when it has 
the same direction as the current, and vice versa. Acute 
inflammatory conditions of the ovaries, tubes, or periuterine 
tissues are much benefited by the current employed in this 
manner. The pain is allayed, congestion relieved, and the 
exudations and infiltrations are absorbed. They imi)art a 
tonic condition to all pelvic viscera. The principal facts to 
remember in applying coil-currents to the treatment of pelvic 
maladies are: 

1. The primary current may be used to produce nmscle- 
contraction. 

2. The coarse secondary coil is irriUiting and muscle- 
contracting, and with interruptions varying from 1,000 to 2,000 
per minute, massage effects are produced. The stance should 
be of short duration. 
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3. The long fine-wire coil may be used to contract muscles, 
the contractility of which is not impaired, but its chief use is to 
allay pain and produce sedation. When used to produce 
sedation, the seance should last from 15 to 30 minutes. 

4. By making the interruptions coarse, the current from the 
long fine-wire coil becomes irritating. 

5. By increasing the current-strength rapidly, and main- 
taining it at a point where it is perceptible during the whole 
seance, the fine-wire coil-current is rendered irritating; and is 
indicated to produce absorption of inflammatory material and 
effete products where the pelvic tissues are not sensitive. 

PERIODIC INDUCED CURIIENT8. 

45. Periodic Induced Currents in Gynecologry* 

Under this name Dr. A. II. Goelet has grouped the following 
three currents, each of which is derived from an apparatus of 
special construction: (1) The interrupted induced current, 
derived from the long fine-wire coil of the scientifically con- 
structed coil-battery; (2) the sinusoidal current, derived from 
the sinusoidal machine; (3) the static induced current derived 
from the static machine with Leyden jars in circuit 

The static induced current, on account of the bulk and weight 
of the static machine, is restricted entirely to oflfice-practice. 
The sinusoidal niachine is non-portable, somewhat costly, and 
requires the street current for its operation. The scientifically 
constructed coil-battery provided with dry cells is portable, 
comparatively cheap, and the current from its long fine-wire 
coil fulfils perfectly all the therapeutic uses of the currents from 
the other two machines. 

4(>. stimulating: Property of Periodic Induced 

Currents. — The most noticeable effect of periodic induced 
currents is a mujscle, nerve, and circulatory stimulation, the 
latter depending mainly on the action of the vasomotor supply. 
The degree and nature of this stirnnlation dej)end on the E. M. P. 
and amperage of tlu* current employed and the rapidity of the 
impulses iinj)art((l by the interruptions. In the coil-battery, 
the stimulating pr()j)erty of tlie current is g<>verne<l by the 
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length and size of the wire composing the secondary coil, 
which r^ulates the E. M. F. and amperage of the secondary 
current, the force of the primary current being constant, or very 
nearly so. The rapidity of the interruptions is controlled by 
the automatic vibrator in the primary circuit. The advantage, 
then, of a number of secondary coils, having different lengths 
of the same wire and different sizes of wire, is that the stimu- 
lating property of the current may be conveniently and gradu- 
ally increased and decreased. 

47. Stimulating: Property of tlie Sinnsoidal Cur- 
rent. — In most of the sinusoidal machines, now in the market, 
the primary magnetic field is produced by permanent magnets, 
and the secondary current is received from coils rotating in 
this field. The E. M. F. and rapidity of alternations are 
increased by increasing the speed of the machine — that is, by 
increasing the number of the revolutions of the armature or 
revolving disk. The volume of the current will depend on the 
resistance in the patient's circuit, and may be varied by means 
of an adjustable resistance. 

48. Stimulatingr Property of the Static Induced 
Current. — In the case of the static induced current, the 
stimulating property of the current depends on the size of the 
Leyden jars and the distance between the discharging- rods; 
that is, the size of the jars represents the volume of the dis- 
charge, and the air-gap between the discharging- rods regulates 
the rapidity of the impulses. The amperage and rapidity of 
interruptions of the current are regulated in the same maimer 
as the currents from the coil- battery, the small-, medium-, and 
large-sized jars taking the place of the fine-, medium-, and 
coarse- wire coils of the battery. 

49. Comparison of Currents From Coarse and Fine 
Coils. — The marked difference in the effect produced by 
currents derived from the long fine-wire and the short coarse- 
wire secondary is just what would be anticipated from their 
different natures and properties, the latter being a current 
of low E. M. F. and greater volume, and the former posses- 
sing a high E. M. F. but an almost inappreciable volume. 
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As Bhown by Duchenne, the current from the short coarse-wire 
coil nets more directly on the muscles (lacks penetrating 
power), increasing their contractility, and is more localized; 
and the current from the long fine-wire coil acts more especially 
on the sensory nerves and penetrates more deeply. It may 
further be said that the current from the long fine-wire coil 
diminishes muscular contractility; for, though the first efiFeci 
may be that of a stimulant, it is secondarily sedative. The 
immediate eflfect of both forms of this current is therefore a 
stimulation; but the one, the current of volume, produces 
muscular stimulation, and the other, the current of tension or 
high E. M. F., produces a nerve stimulation; and in employing 
periodic induced currents, these facts must be borne in mind. 



EFFECrrS PRODI^C'ED BY OOIL-CTTRRENTS. 

50. One of the most important effects produced by these 
currents is an increase in tissue- metal)olism, increased absorption 
of oxygen, and a corresponding increased elimination of carbon 
dioxid by the tissues and coincidently increased nutrition. 
They therefore accelerate the functional activity of organs 
brought under their influence. This effect of the current can 
be readily demonstrated. Its power to increase perspiration 
may be shown }>y grasping in one hand the bipolar vaginal 
electrode, and using the fine-wire current as strong as it can be 
borne for a few moments. The hand becomes bathed in per- 
spiration. At tlie same time, another very important phenom- 
enon will be observed; namely, the hand, but more particularly 
tlie fingers, soon become pale and bloodless. This pale bloodless 
condition of the hand and fingers is due to the tetanic con- 
traction of tlie muscles and to the effect of the current on the 
vasomotor supply. This one simple ex]>eriment very strikingly 
illustrates the action of faradic currents on the vasomotor 
nerves, which influence is of the first importance in the electrical 
applications for pelvic diseases. Improvement in the general 
health out of all proportion to that of the local condition has 
often been noted, even when only local applications have been 
made to the female pelvic organs. 
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51. Capillary Circulation Stimulated by Faradlc 
Currents. — The power of faradic currents to promote rapid 
absorption of inflammatory exudates may be attributed 
directly to stimulation of the capillary and lymphatic circula- 
tion. Faradic currents stimulate the capillary circulation: 

1. By exciting an increased vermicular contraction of the 
smaller arteries, the blood-pressure is augmented. This causes 
momentary distension of the capillary vessels, the reaction from 
which, owing to their elasticity, empties or unloads them into 
the veins. In case of any obstruction in the capillary vessels, 
this distension, together with the increased blood-pressure, 
favors its removal. 

2. By stimulating the contraction of adjacent muscles, the 
veins are emptied, and a void is created in their intervalvular 
spaces, which invites the blood from the overloaded capillaries. 

52. Ltymphatlc Circulation Stimulated by Faradic 
Currents. — Faradic currents stimulate the lymphatic circu- 
lation in two ways: 

1. By stimulating the processes of absorption. 

2. By stimulating the contraction of adjacent muscular 
structure, with the effect that the circulation in the lymphatic 
vessels is increased. These vessels being supplied with valves 
similar to those found in veins, the contraction of surrounding 
muscles empties the intervalvular spaces, and invites the flow 
of lymph from the lymph-spaces when absorption takes place. 
As the result of this action on the capillary circulation and 
lymphatics, pelvic congestion is relieved and rapid absorption 
of infiltrations and exudations is accomplished. The faradic 
current is unquestionably the most powerful, the most certain, 
and therefore the most valuable vasomotor constrictor that 
we possess. 

53. Sedative Effects of Faradic Currents. — Per- 
haps the most important effect of faradic currents of high 
E. M. F. and great fretjuency is the production of sedation and 
the relief of pain. As pointed out by Duchenne, the special 
action of these currents is on the sensory nerves, and it partakes 
of the nature of an excitation; but this excitation or stimulation 
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will result in sedation if certain conditions are observed. 
This appears to involve an inconsistency, but it will be remem- 
bered that while opium is a cerebral and circulatory stimulant, 
vet its effect is sedative. 

54. Rate of Interruptions Governed by nesired 
EfTects. — The rapidity of interruptions has likewise an impor- 
Uuit hearing on the result, since the more rapid they are, the 
more soothing the result. Therefore, for a sedative effect they 
should be as ni])id and as smooth as possible. In using the 
coarse-wire current for muscle-stinmlation, the interruptions 
should be slow, so as to allow an alternate contraction and 
relaxation similar to the nornial physiological action of the 
muscle. 

55. Frequency of Applications. — The frequency of the 
aj)plications and the sul)se<|uent behavior of the patient are 
also to be considered. Three times a week may be suffi- 
cient when stimulation is recjuired, and the patient may not be 
restricted in her movements esi)ecially to attain this result. 
Hut sedative applications should be made every day, and in 
some instances several tim(\s a day; but, to be productive of the 
best results, they should be made after the patient has retired 
for the night, or she should be made to recline for at least an 
hour or two afterwards. This is not always essential, however, 
for in verv manv instane<^s the relief obtained continues for 
hours, evrn wlien the application is made in the physician's 
odice and the ])atient is pi^rmitted to exercise moderately 
afterwards. 

THERAi»i:rTic I'sK OF roiL-c'iuuEXTs IX femai;e 

PEI.VK JHSEASES. 

5(5. As a theraj)eutie measure for the relief of pelvic pain 
and congestion, pelvic iiitlamnjations and their results, and 
infiltrations and exudations, this form of electricity is incom- 
parable with any other agent that we possess. It is to be 
regarded not only as a remedy against the symptoms accompany- 
ing diseases <»f the female pelvic organs, l>ut often as a curative 
agent as well, though frequently it S(.*rves only as an auxiliary 
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to the other remedies. In cases where the disease is so far 
advanced that a cure cannot be eflfected, and some radical 
operation is necessary, it serves an exceedingly useful purpose 
in placing the patient in the best possible condition to with- 
stand it, and aids its success by improving greatly the local 
condition and her general nutrition. 

57. The coarse-wire current is particularly serviceable 
when there is loss of muscular tone and venous engorgoniont, 
such as in subinvolution; but it is absolutely contraindicated 
in sensitive and inflamed conditions. 



JJETERMnONO TTIE LENGTH AND SECTIONAL. AREA OF 

WIRE USED INT ANY COIL. 

58. Connect the coil to be tested with the binding-posts of 
a galvanic battery, and turn on the current until the milliam- 
meter registers 5 or 10 milliamperes. Now switch off the coil, 
and in the circuit place coils of German-silver wire of known 
resistance, until the needle comes back to the position it occu- 
pied with the coil to be tested in the circuit. This will then be 
the resistance of the coil. These resistance-coils are furnished 
with a cabinet apparatus. Knowing the resistance of the coil, 
the length and the sectional area are (juiekly determined i)y 
consulting the table of resistances of different sizes of copj>er 
wire, according to Brown & Sharpens American gage. A cr)il of 
No. 36 wire that has a resistance of 200 ohms contains 480 feet, 
or 160 yards. The result is obtaine<l i)y multiplying the num- 
ber of ohms resistance by the number of feet jier ohm of the 
wire, according to the table. 
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TABI4I: 3. 

TABLK OF RESISTANC^BS OF DIFFERENT 8IZB8 
OF COPPER WIRE, ACCORDING TO BROWN 
«fr SHARPENS AMERICAN GAGE. 
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INTERIU PTIONS OF INDUCED CIHIRENT. 

59. The rato and character of the interruptions of the 
in(hife(l current have so much to do with its therapeutic 
properties that some ready way of testing tliem is very impor- 
tant. If the bipohir vaginal electrode is held in the hand, and 
the current turned on from difTerent coils and at dififerent rates 
of interruption, with different electromotive forces and dififerent 
resistances, any jerk or uneven action can be detected, and the 
effect of alterations in E. M. F. and resistance may be studied. 
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The telephone forms a ready test, and through it the quality of 
the interruptions is closely studied. Any length of coil may be 
connected with the telephone, and, with the receiver placed to 
the ear, the quality of the interruptions with slow and rapid 
vibration, with coils of wire of different lengths and sizes, may 
be studied and regulated at will. 



8ECONDARY-CURREXT CONTROLL.KR. 

60. The advantage of a secondary-current controller is in 
regulating the application. By its means the current can be 
gradually applied from the slightest sensation beneath the 
electrode to the toleration of the patient. A secondary coil has 
not acquired its full therapeutic properties until it is submitted 
to the entire inductive influence of the primary coil. To do 
this, it must completely overlap the primary coil. It is always 
better to have the secondary coil fixed over the primary, and 
then r^ulate the current through the secondary-current con- 
troller. Any change in the relative positions of the primary 
and secondary coils, which always influences the current-strength 
in the primary coil either by increasing it or decreasing it, must 
necessarily interfere with the oscillations of the vibrator, inter- 
rupting for the time its smooth and even action. In those 
faradic applications, the chief object of which is to secure 
sedation, all sudden changes in the vibrator are irritating, and 
will render the production of sedation impossible. 

The chief factors in providing a smooth and even action of 
the vibrator are: (1) A condenser in a derived circuit of the 
primary; (2) secondary coil stationary during the entire seance 
and current regulated by means of rheostat in patient's circuit; 
(3) the vibrator spring and the platinum tip should be thor- 
oughly brightened; (4) the vibrator should be properly 
adjusted to the degree of E. M. F. in the primary. 
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VASOMOTOR AND SENSORY EFFECTS OF FARADIC 

CURRENTS. 

(Jl . The vasomotor unci sensor^" elTects of faradic cur- 

reius (l«^j)on(l on: (1) The coil employed, whether coarse, 
HHMlium, or lino; (2) the nuinher of interruptions; (3) the 
(lurntion of tlic application; (4) current-density; (5) resistunce 
of ol(Ttro(l('s; (("») whether or not the coil is provided with a 
('oiidoiiscr. Thf sensory effects produced by faradic currents 
are more widely known than tliose of other currents, because 
almost everv oiir has at some time or another held the rheo- 
phores of a faradic aj)paratii8 in his hand. The sensory effects 
result from a series of elementary impressions, the total of 
whieli eonstitute the ^'eneral sensation experienced in the 
tissin'< i)i'mMtli the electrode. 

()-. TcMMii I nation of Nt^rvo-Flbei's. — The sensory nerve- 

til)rrs (»f the r-kin terminate into two ways: The terminal fibrils 
nf til*' axis « ylindcr |>ass in hctween tlie epithelial cells of the 
epidermis an<l are known as the interepithelial arl>orizations. 
Tliese an* tlie only nerve terminations that are found in the 
e|)idermis. Tliey are im|»ortant in the study of electric s^nsi- 
hi lit V hecause th«'V represent the first nerve-tissue encountered 
hy the eh'ctric «'nrrent in its j)assage through the body. The 
second form of terminations consists of corpuscles and are 
known as the tactile corpuscles of Meissner and the corpuscles 
of Tacini. The tactile corpuseles of Meissner are located in the 
j)aj>illa' of the skin of the linjj:ers and toes. The Pacinian cor- 
])US('.les are situated on some of the cerehrospinal and sympa- 
thetic nerves, and especially on the cutaneous nerves of the 
hands and feet and in l)ranches of the large sympathetic plexus 
of the ahdominal aorta. Thev occur also on nerves of the 
mesent(*ry and on articular nerves. Th(» interepithelial arbori- 
zations are situated in the epidermis, the tactile corpuscles of 
MeisBuer in the true skin, and the Pacinian corpuscles beneath 
the skin. 

Physiology teaches that each of these terminations has a 
special function. The physiological im|>ort of the Pacinian 
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corpuscles is not yet definitely determined. On account of 
their anatomic distribution, it ia thought that they receive 
sensations of pressure. The tactile corpuscles of Meissner, as 
their name implies, have for their special function the sensation 
of touch. In the case of the electric current, whether applied to 
the skin as galvanic, static, or faradic current, it is important 
to know which of these sensory terminations is especially 
affected. The interepithelial arborizations are present in the 
epidermis on all parts of the surface of the body, and also 
between the epithelial cells on the mucous surfaces of the 
canals and cavities of the body. They are, therefore, not 
only the first nerve-structures affected by the electric cur- 
rent but they are also imj)re§sed by a greater current- density 
in the same application than either the corpuscles of 
Meissner or Pacini on account of their closer proximity to 
the electrode. 

63. Cause of Electric Sensibility. — If the tactile cor- 
puscles of Meissner aiul the corpuscles of Pacini alone were 
affected by electric excitation, there would be places in which 
very little or no sensation would be experienced during the {)as- 
sage of an electric current, as there are parts of the body where 
these corpuscles are absent or very few in number. As the 
electric current produces its peculiar^ sensation as well on one 
part of the body as on another, it is likely that this -electric sen- 
sibility is due to excitation of the interei)ithelial arborizations. 
When, however, the current reaches a certain value and the 
electric excitation is strong, all the sensory nerve terminals are 
affected; this explains why the electric sensibility varies in 
different regions of the surface of the body. With a feeble 
current, therefore, such as is used in producing minimal sensa- 
tions, the interepithelial arborizations are alone affected; but 
when a strong current is employed, all sensory terminations 
are influenced by the passage of the current. 

The electric current, in whatever form it may be em])loyed, 
can only affect the deeper organs of the body after having first 
acted on the skin or the mucous membrane and their nerve 
terminals. The intensity of an electric current apnlied to the 
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body is governed by the sensation, more or less painful, it 
pHKluces in the tissues beneath the electrodes. The therapeutic 
eiTtrts of elertric currents depend, in a large measure, on the 
({uautity of tU'ctric energy that is caused to act within diseased 
tissues or organs. If the sensibility of the skin is but little 
atleoted, high-current intensities may be employed; if, on the 
eniiirary, the vurious conditions that render the current non- 
painful are neglected or improperly applied, only feeble currents 
{"Ml i)e employed. The electric sensibility of the skin and the 
(•oii(iiti(>ns that increase or decrease it are of practical impor- 
taiK-r and should be familiar to every physician using electric 
(currents. 

iil. Variations in the Effect of tlie Secondary 

C'lirrcMit on N(m*vo!s and Muscles. — The physician's induc- 
tion-coil i-; caj)al)le oi giving a great many variations in the 
ijuantity and strength of its secondary current. In many cases 
thr ( iTrrts pnxhiced may he entirely the opposite from the ones 
iiit<n<hMl, and it is tlierefore imjK)rtant to know how the various 
varialtle elements contribute to change the qualities of the 
current. 

In tlic lirst place it should he remembered that the energy 
expended in the jnimarv coil of the faradic apparatus depends 
on two factors -voltage an<l amj)erage. The product of these 
factors gives the watts ex[)ended in the primary coil. The 
energy delivered l»y the secondary coil depends on the energy 
w ith which the j)rimary coil has been provided, and will always 
Im' less. For instance, if the current through the primary coil 
has a strength of .1 ampere, or 40() milliamperee, and is sent 
through at a loss of l.() volts, the energy consumed will be 
ir (' \ K .4 / l.G A'A watt. Let the primary coil con- 
sist of 1,1(.)0 turns and he surrounded by a secondary coil 
containing 11,000 turns of finer wire. The voltage that will be 
produced in the coil should, theoretically speaking, be 10 times 
greater than that utilized by the primary, or 10 X 1.6 = 16 
volts, but would in reality be somewhat smaller. 

Tile energy delivered })y the secondary coil when on short- 
circuit cannot be greater than that given to the primary and 



§7 OF COIL-CURRENTS. 59 

cannot, therefore, be more than .64 watt. If the voltage is 

W .64 
equal to 16 volts, then the amperage must be C=-^^^ -,^ 

Ji lb 

= .04 ampere, or 40 milliamperes; that is, one-tenth of that in 

the primary coil. We see, then, that the amperage in the 

secondary coil is decreasing at the same ratio in which the 

pressure is increasing. The current-strength will, in reality, be 

somewhat smaller than this, depending on the efficiency of 

the coil. Some losses are bound to take place, partly by reason 

of losses from heating the coils and core, and partly because 

the secondary coil is unable to use the whole magnetic field 

produced by the primary coil. 

We may still further increase the number of turns in the 

secondary coil until they, for instance, amount to 100 times 

that of the primary. The voltage should then be 100 times that 

of the primary, but the amperage will have suffered a fur- 

400 
ther reduction to ^/yx = 4 milliamperes. It will therefore be 

clear that by increasing the number of turns in the secondary 
coil no increase in available energy can be obtained; but that, 
on the contrary, whatever gain is made in pressure or voltage 
is followed by a corresponding loss in amperage. 

65. Cause of Reduction In Amperagre. — It must not 
be thought that this reduction in amperage is caused only by the 
increased resistance of the secondary coil, owing to the increase 
in the number of turns and the decrease in the wire diameter. 
While these do in all cases have some effect, the main cause 
must be looked for in the self-induction of the secondary 
coil, which acts as a counter E. M. F. and reduces the induced 
E. M. F, The reduced current-strength in a secondary coil 
does not, therefore, result from any actual increase in resist- 
ance, but rather from an apparent increase in resistance caused 
by the reduction in pressure that will occur as soon as a current 
begins to flow through the secondary coil. This self-induction 
increases with an increased number of turns and with a lower- 
ing of the external resistance, because in the latter case a 
stronger current tends to flow through the coil. 
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Kn^clinanii has made extensive investigations reganling 
tin- riirniit fiow tlirough the secondary of a faradic cfiil as 
iiilhniurd l»y various factors. He found, for instance, that 
wlun a fin«-\vire coil of 1,0«30 ohms' resistance was sending a 
niinnt ihnmgh a body of 3,000 ohms' resistance, the avail- 
i\\)U' currciit-stronglh was reduced to 22 per cent, of what it 
^liniild have 1k»wi. In a coil of heavier wire, under the same 
( .•ii(|iti<»iis, the curreiit-ptrengtli was reduced only to 78 per 
(•nt. of its full value. This experiment of Engelmann is 
v«r\ iinportant, as it enables the physician to understand the 
(aii^. nf tin- ilifTerenee of effects observed in current-applica- 
ii"i!^ fi. MM thr l«»ii^r fhu'-wire coil according as the applioa- 
tinn i> jMicui.uH'ons or permucous; that is, through .i high or 
t hit'iiL:}: a low resistance. 

r.» -'MiM' stiult'iits, it may seem difficult to understand why 
tilt \.iii<ii- <«•(.. n<l;nv cuils that constitute parts of a faradic 
;.j.|.;:r:itii> aii'I ihat in<livi<hially may have E. M. F.'s induced 

III i) \ ir\ iiL" !•« twt en 2") and 800 volts should not be able to 

|i"l!:,. \.i\ iiiii. Ii luavitr currents than they do. In parti i^ 
i;i;!! ;.',- tt.;v >. < m --iranp' when they are connected with low 
• xt'iiiai n-i-iaiMt <. It would seem that in the same manner 
a> a !;• a\ i» r .iijrrp.t is furnifcilu'd bv a V()ltaic batterv, when its 
1'. M. V i- inrrciM'l by increasin;j: the number of its elements, 
a -r<-.)inlaiy «'>il would likewise !)(» able to provide a heavier 
I'urnnt wlim its nimibcr of turns and thereby also its K. M. F. 
is incn'as«.|. Hut so far from this bein^; the case, the opposite 
lioMs trur and a il.'creasi* in current-stren;^th is the result. Why 
tlii> i^ so lias alnady been e-\]>laincd, and in addition it may be 
said that it could not well be otherwise. If an increase of 
K. M. K. in a sec(Midarv coil would also bo followed bv an 
increase in aniperap', it would be possible to multiply the 
available enerj^y almost iniinit(?ly and one woubl, in fact, be 
(U*eatin<j: enerpy out of nothing. 

(Ui. It should not be understood from the preceding that a 
coil of many turns of fine wire and able to furnish a high 
K. M. F. always will deliver a current of smaller strength than 
that furnished by a coil of fewer turns of coarse wire. What 
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the current-strength will be in cither case will depend on the 
conditions in the external circuit. In some cases, when the 
l>ody resistance is of a certain value, both coils may deliver 
currents of the same strength, and the muscular and sensory 
effects may be equal with both. 

We may, for instance, understand how, by reducing the 
external resistance through which a fine- wire coil is acting, 
the current that it furnisher may increase in strength but at 
the same time decrease in pressure l>y reason of the counter 
E. M. F. produced in the coil. On the other hand, a coarse- 
wire coil that normally delivers a relatively heavy current may 
have the latter reduced in strength by being conji>elled to send 
it through a greater external resistance. While in this manner 
the current from the fine-wire coil is increasing and that from 
the coarse- wire coil decreasing in strength, we may suppose ^ 
that at a certain value of the external resistance the amperage 
through both coils may be the same. Engelmann found that 
with a certain faradic coil this equality was established when 
the resistance through the body was 300 ohms and the contact 
surfaces were made of minimum resistance by using moist elec- 
trodes. When the latter were replaced by metallic electrodes 
applied to the dry skin, this resistance would have to })e reduced 
to 200 to 300 ohms before the coarse-wire coil could equal the 
fine- wire coil in current-strength. While attempting to look 
for the reason for this we must remember tliat the coarse- wire 
coil is one of low E. M. F. and that therefore at high resistance it 
will be powerless to send any current through the circuit. Its 
proper place is, therefore, in connection with circuits of rela- 
tively low resistances. In circuits of higher resistance it is 
working at a disadvantage and its amperage will decrease as 
resistance is added. Its qualities are somewhat similar to those 
of a voltaic battery in which the elements are connected in 
parallel. At low resistances such a battery is abk* to deliver a 
current of high amperage, but at the low pressure of 1 cell. 
When its elements are connected in series, its pressure is greatly 
increased, but its maximum current-strength is simply that of 
one element on short-circuit. To work at its best it must, in 
the latter case, be connected with circuits of high resistance 
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where only currents of small strengths are required, as other- 
wise too much energy will be lost in the battery itself. 

<>7. To further elucidate this point, let us take a faradic 
('(til huvin;; its secondary coil made up of three separate coils, 
^u^•h as is (liaj^rammatically shown in Fig. 30. The coarse coil d 
is imv of 1 ohm resistance and 25 volts; a finer one eot 15 ohms 
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an»l 1(M» volts; ami the finest one/of 1,000 ohms and 300 volts. 
It is AwiY that the latter is the only one that can be used in the 
cirriiit> of the highest resistance in order to overcome the latter 
and cause some current to i>as8 through the circuit. Again, 
when it is a (juestion of sending relatively slow impulses of high 
amperage through a circuit, as for instance in the case of muscle 
treatment, the fine-win^ coil would be useless and the low- 
n*sistanoe coil would have to be used. The medium coil of 
UK) \H>lts would occupy a middle position, sometimes working 
in one field, sometimes in another. In fact we can suppose a 
case where all three would be able to accomplish the same 
results. This has Ijeen represented in Fig. 30. Each of the 
three coils are, in turn, connected with the electrodes rfj, rf, 
j)laeed on the arm in. In series with the circuit is, in either 
case, placed a rheostat r, by means of which resistance can be 
added to the GOO ohms through the arm. If now the number 
of interruptions are maintained at a certain rate, it will be 
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possible by proper adjiietment of the rbeostat r to send a 
current tlirougb the arm that for either coil will be the same. 
We have in this instance simply varied the E. M, F. of the 
secondary coil by selecting a coarser- or fioer-wire coil and 
accomplished the closer adjustment by means of a rheostut. 
Many coils are built on the principle of the Dubois- Reymond 
coil, ill which the secondary coil may be moved over the primary 
coil, either entirely covering the latter or more or less moved 
out of the field of the same. In the latter case, a very close 
adjustmentof u t t gth ay b btained without the aid 




of an additional rheostat. Engelmann has made many experi- 
ments with coils of this class, a description of which will materi- 
ally aid in seeing the inHuence of external resistance; also, the 
effect of a contact surface and the number of interruptions per 
minute. To fully understand the following experiment, we 
give in Fig. 31 a diugrammalic view of the Dubois-Reymond 
coil. The primary and stationary coil is a, b is the secondary 
coil that may be moved backwards and forwards by any 
suitable means. For the sake of comparison its various posi- 
tions arc indicated on the scale c by means of the pointer d. 
The scale is divided into 100 parte, the number 100 indicating 
complete juxtaposition and meaning that the secondary coil 
is withdrawn to the end of the primary. While these numbers 
do not, for various coils, indicate the same values, they aid 
materially in enabling the operator to reproduce the same effects 
with one individual coil. 

68. The InteiTU|>ter as a Curront- Regulator. — This 
means for regulating the current- strength of a secondary coil 
does not seem to be utilized to a very great extent. The reason 
for this may be that ordinarily the interrupters are of a more 
primitive nature, not permitting much adjustment. In many 
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cases tliese means may be at hand, but the practitioner has not 
familiarized himself wilh the effects that may be produced by 
varying tlic [xisiiion of the contact- screw. As a rule the contact- 
scrow of the interrupttT is inserted in a moveable rod, and by 
moving this cithc r in or out the screw will come in contact either 
with tljc (Mul or the middle of the vibrating spring; either 
position pnxhucs intc*rrui>tions that are materially different in 
their action on tin* current-strengtli through the secondary coil. 

The elhrt of i\u increase in the numl)er of interruptions per 
minnte is to increase the current-strength in the secondary 
coil. Tiiis holds true up to a certain point, beyond which 
no increase takes j)lace, hut, on the contrary, a gradual diminu- 
tion that will continue until at a certain point the physiological 
efTect is zero. 

For in.-tance, in trying to find the point where the first sensa- 
tion of the secondary current was felt, the foll(>wing experiment 
was made hy Knuelniann. By u.-ing single slow interruptions 
and ^«nding tlie current through the upper and lower arm by 
nlean^ of >niall, liigh-r<>ivtanci', metal hrush ek*(^trodes, the first 
sensati(»n was f<!t when the secondary coil stood at -^5, Fig. 31; 
on incicasing tlic numhej- <»f vibrations to 150 per minute, the 
(•unent was felt •<{{ //K't <»n th<- >cale; and hy increasing the inter- 
ruptions to LOdU per minuti*, sen.-ation was experienced at S4 
on the scale. 

To j)rodu«'e a muscle-jeik the conditions were somewhat 
<litTerent. Tlie lir.-t ell'ect on the muscle was obtained by using 
single intejTUj)tions when the coil stood at h'-i; hy the slow 
vibration.'- at -'fJ, and the raj)id vibrations at 4-^-''>- By means 
of a coil of nuMlium current-strength, muscle-contractions were 
found to take |)lace when the coil stond at 45, and while the 
vibrations vari<'d between lo and 1,000. Hy increasing the num- 
ber of vibrations an increase in (Uirrent-strength was obtained 
n|) ti> 1,000 per minute, sensory nerves ceased to react at 
(>,r)00 per minute, and no efTect was noti("ed at 10,(KX) per 
minute. The stronger the current through the secondary coil 
the higher must be the rate of vibration l)efore its effects will 
cease. In one instance it was necessary to increase tlu; rate up 
to 28,000 per minute before the current ceased to he felt. 
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69. Cause of DlfTeronce In Current- Strength of 
Fine-Wire and Coarse-Wire Colls. — It may perhaps appear 
to some that two coils made up of the same number of turns, 
but one of coarse and the other of fine wire, should ])roduce 
the same results. But this cannot be, as in one case the turns 
occupy a much smaller space and thus, being nearer the primary 
coil, are in a stronger magnetic field. Likewise, the self-induc- 
tion in the fine-wire coil is much more intense than in the 
coarser coil, because the turns are closer together. To test this 
point Engelmaim took two coils containing exactly 528 turns 
each. The coarse coil, which was made of No. 16 wire had a 
resistance of .85 ohm; the finer coil, which was made up of 
No. 40 wire had a resistance of 180 ohms. With the secondary 
coil at 100 the coarse coil gave, on short-circuit, a current of 
25 milliamperes; Ibe fine coil .5 milliampere. 

Through a resistance of 50,000 ohms at 8,000 interruptions 
per minute, with metal brush electrodes of high resistance 
applied to the upper and lower arm and with the coils in perfect 
juxtaposition, the coarse coil caused strong, but not painful, 
contractions, and the contractions at ])osition 50 were without 
sensation. The fine- wire coil could not be borne at posi- 
tion 100 and was painful even at 7.^, but with very slight 
contractions. 

When moist electrodes, 2 s(juare inches in area, were used, the 
coarse coil caused powerful, but painless, contractions at 70^ 
while the fine coil caused strong contractions at iO that were so 
painful that they could not be borne beyond 50. The fine- 
wire-coil current is a more penetrating one and affects the 
sensory nerves, which the coarse coil affects but little. 

70. Effect of Surface Keslstanee and Kleetrodes. 

Surface resistance and elec^trodes play a very important role in 
electrotherapeutics and will often decide wlietber a coarse-wire 
or a fine-wire coil will secure the best results. Judged by the 
reasons already given, it may be said in g«Mieral that a (^oarse- 
wire coil has its place in eai^es wben^ the re.^^istance is reduced to 
a minimum, as for instance by tn^atmeiit of internal organs, 
where not only the resistance of the muscular fibers is of the 
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lowest, but wliere also the surface resistance is at a minimum. 
In rases of this kind the current will readily disperse over large 
areas without causing any disagreeable sensations, but will at 
the same time reach deep-seated muscles. 

Tlie main function of the fine-wire coil is to be sedative or to 
j)r()(hice anesthesia. Hut even these effects cannot be produced 
unless the surface resistance is of the right character. For 
instance, if this resistance is high and the interruptions at a 
mo(lerate rate, the efTects will he quite the opposite, they will 
he irritating. To produce sedative effects the surface resistance 
should he of the lowest and the rate of interruptions very high. 

In an extiTnal application to the hand and elbow with high- 
resistance electrodes, a coarse-wire coil of 1,100 turns and 
o.S ohms' resistance was used in full juxtaposition without 
causing any particular pain. A fine-wire coil of 11,050 turns 
and l,(Ki() »)linis' resistance and very far from juxtaposition 
caused intense jiain. When using moist electrodes, the coarse- 
wire coil at its ])ositi()n gave strong contractions, but the fine- 
wire coil at lOi) was J)ainl(^ss and gave hut slight contractions. 

To show more fullv the efTect of the surface resistance the 
following exj>erinient may he (]U(>ted. A secondary coil of 
No. *>2 wire, 4,oO() feet long and 747 ohms' resistance, sends a 
(nirrent through small metallic brush electrodes of high resist- 
ance to th(^ middle and upper arm. The interruptions per 
minute are oOO. At /)() on the scale the currents are intenselv 
])ainful and unhearahle. Rut substituting moist electrodes 
having 2 S(|uare inches of surface and moving the coils in perfect 
juxtaposition, the 'muscles are strongly contracted, but the 
sensor V nerves are not affected. 

71 . Influence of Ueslstnnee of Electrodes. — In study- 
ing the sensory effects of faradic currents from coils of coarse, 
medium, and fine wire, Bordier experimented with the following 
electrodes: 

Carbon 35 ohm 

Solution Aa (7/1 2 per cent 6 ohm 

Solution Aa (7/ 4 per cent 1.4 ohms 

Ordinary water 35.0 ohms 
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Mixture of water and alcohol 5 per cent. 66.0 ohms 
Mixture of water and alcohol 20 per cent. 86.0 ohms 
Mixture of water and alcohol 50 per cent. 220.0 ohms 
Mixture of water and alcohol 80 per cent. 390.0 ohms 
The current in the primary was 1.35 amperes and number of 
interruptions 104 per second. The coil was provided with a 
condenser in the primary circuit. The active electrode was 
placed on the anterior surface of the thigh. The maximum 
current-strength from each coil was regulated by means of a 
rheostat in the patient's circuit, and the current-strength required 
to produce minimum sensation with the different electrodes was 
noted. The telephone method was used to estimate the current- 
strength that caused minimum sensation for each electrode. 

With the carbon electrode, the sound of the telephone was 
feeble at the moment of minimum sensation and increased in 
intensity with the electrodes of sodium-chlorid solutions. The 
sound was most intense with the electrode of ordinary water. 
With the electrodes of different solutions of alcohol, the sound 
decreased as the resistances of the solutions increased. As the 
sound was loudest with the electrodes of ordinary water at 
the moment of appearance of minimum sensation, the current 
strength producing minimum sensation was also greatest. These 
experiments of Bordier proved conclusively that the resistance 
of the electrodes influences the sensory effects of the currents 
from the different faradic coils in a very decided manner, and 
that when sensory effects are not required an electrode of ordi- 
nary water is the most appropriate. If on the contrary the 
object is to produce marked sensory effects, as in anesthesia, 
electrodes of very high resistance, as dry sponge or chamois, or 
of very low resistance, as bare metal, should be employed. 

Duchenne observed that when the skin was dry the faradic 
current caused intense pain before its intensity was suflicient to 
excite muscular contraction. If dry sponge or chamois is used 
for electrodes, pain is very pronounced; in this case, the resist- 
ance of the electrodes is very high. If metal is used as an 
electrode, the pain is even greater than when dry sponge or 
chamois is used; in this case, the resistance of the electrode 
(bare metal) is very feeble. When a moist electrode — gauze, 
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chiuiiois, or lunadoii saturated with water — is used, the cuta- 
niniKs Ht'iisatioii is very feeble. An electrode of very high 
rtyiistancc and an electrode of very low resistance act similarly 
on the nerve termination in the skin. An electrode of medium 
nsistance acts mildly on the sensory nerves and attenuates 
painful st-nsntinns. 

What is lirn- said of electrode resistance with regard to sensory 
ciTttts in faradic applications is ecjually true of galvanic appli- 
cations. In making galvanic a))plications to the spine through 
large gauze ejcc tnxies saturated with ordinary water, it will be 
found that tiie current-intensity must be diminished to main- 
tain tlie same sensory elTect if the conductivity of the water 
is iiuna>e(l hv the addition of sodium chlorid or sodium 
hi('arh<>natr. 

7-. s^n^^ory Kn\'<»ts of Prolonjc^nl Excitation. — If a 

laiL-e (l«<trodc i- j)Ia(rd on the hack below the neck and an 
aitive (I. 'trodr '2" • 2" com|M)sed of fifty layers of surgeon's 
uan/e, tlinii.u'jhly saturated with water is ])lacei.l on the flexor 
surfaer ..!' th«* forearm, the sensory ciTetrts of prolonged excita- 
tion hy nir;iii< (.f tlu' faradie current from the three standard 
r(»il> may \n- -tudiMJ. The maximum (»urrent from each coil 
r;in 'm- r(gulate<j ihrough a rheostat in the patient's circuit. 
IiM r,';i-r ihr «urrent LMaduallv l)V removing resistance from the 
rlieo^tai until the lirst pen-epiion of sensation. The position 
indicated l>y the index on the rheostat should be noted. The 
current is ihi n gradually increased until stnmg muscular con- 
traction i> prod need. After o minutes of current flow, reduce 
tlie current to /jio. With tluj electrodes in the same position 
the current is again ap[)lied hy removing resistance from the 
rlK'ostal until the tirst j)ercej>tion of sensation. If the two 
p«»silions of the imh'X of the rheostat are now compared, it will 
i)e found that to ])roduce minimum sensation in the second case 
a mu<h stronger current wits re<juire(l, proving that 5 minutes 
of faradie cxi-itation <leere^ise<l cutaneous sensibility. If the 
exjK'rinient is repeated for all three of the faradie coils — coarse, 
medium, and line- it will be observed that the rapidly inter- 
rupted current from the long fine-wire coil acts njuch more 
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vigorously in reducing cutaneous sensibility than either of the 
other coils. The rapidly interrupted current from the medium 
coil applied in the same manner for the same time has less 
effect on cutaneous sensibility, and the current from the coarse- 
wire coil has the least of all. The explanation of this anes- 
thetic action of the rapidly interrupted current from the long 
fine-wire coil is to be looked for in the fatigued condition of the 
sensory-nerve fibrils in the skin. 

73. Sedative EfTects of Coll -Currents. —That both 
sensory and motor nerves as well as muscles are subject to 
the physiological law of fatigue was demonstrated by Dubois- 
Reymond in his investigations of nerve- and muscle-currents. 
The so-called current of action or negative oscillation is produced 
when the nerve or muscle or gland is stimulated. I)ul)<>is- 
Reymond observed that repeated stimulations soon weakened 
the deviation of the galvanometer- needle and finally totally 
arrested it, which would prove that the nerves could be in reality 
fatigued. This sedative effect of coil-currents on nerve terminals, 
whether sensory or motor, is one of the most important proper- 
ties of intermittent induced currents. The practical value of this 
sedative property is found in the gradual increase of current- 
strength by successive reductions in rheostat resistance until 
finally a current-strength is attained that would be simply 
unbearable if applied at once in the beginning of the seance. 

The production of motor or sensory fatigue by the rapidly 
interrupted current from the long fine- wire coil by successive 
reductions of rheostat resisUmce, or successive increases in the 
overlapping of sledge coils, is utilized in practical therapeutics 
in relaxing contractured muscles and in allaying the various 
modalities of nerve pain. The successive increase of current- 
strength permits of the production of profound effi^cts while tlie 
current-strength is always maintained within limits of tolerance. 
As the sedative effect cannot l)e produced at all by Uw current 
from the coarse-wire coil and only very slightly by the 
current from the medium coil, it would seem that nerves, both 
motor and sensory, are influenced chiefly by variations of 
potential and that current quantity has litth* influence. 
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Every variety of electric currents has its characteristics of 
excitation, or wave-form. Every wave-form has two elements, 
namely, pr<»ssur(i and time. In the present instance the element 
time clooH not vary, sinc^ the numher of interruptions was the 
samc^ for each current. The difference in wave- form consists 
not only in the difference in height or E. M. F., but also in the 
ahruptnoss with which the maximum E. M. F. is attained. 
The oiinent from the long fine-wire coil has the highest wave- 
form and thcTofore the greatest E. M. F. The reduction of 
rutanoous sensibility hy the rapidly interrupted current from 
i\u' lonj^ fiiH^wiro coil agrees with the conclusions of d' Arsonval: 
NtTvcs an' es|>(rially sensible to variations of potential, the 
quantity of elcctrioity having little influence; for muscles, on 
tlic contrary, tlio charactoristic of excitation or wave-form must 
l»e Irn^'thcne*!, that is, tlie time element must he increased in 
order to ^'ivo current quantity. 

71. KfTiH'ts of Condenser. — The electric sensibility will 
vary with any coil, depending on whether or not it has a 
condenser in the ])rimary circuit and also on the capacity of 
tlio condenser. Tlie effect of a condenser in the primary circuit 
will make it necessarv to increase the resistance in the rheostat 
in the secondary circuit in order to j)roduce minimal sensation; 
the K. M. F. of the in(hiced curnnit is tlierotore increased. The 
sensory eiTe(*ts are not ])roportiona] to the capacity of the con- 
denser. The cliief advantage of a condenser, however, is in ren- 
dering tlie interruptions regular. The sensory effects of regular 
interruptions are milder and the sensations are more supportable 
than when the interruptions are irregular. The capacity of the 
con<lenser appr()])riate for any coil can be determined by ascer- 
taining the greatest resistance in the rheostat through which the 
current from the coil j)r()duces minimal sensation. 

For the coarse medical coil a condenser having a capacity of 
J microfarad is best, and for the fine- wire coil 1 microfarad. 
An adjustable condenser will make it possible to experimentally 
ascertain the most suitable condenser capacity for a given coil, 
and is found when the coil produces minimal sensation through 
the highest resistance. 
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GKTOlRAIi FARADIZATION". 

75. Importance of (general Fanullzation. — Elec- 
tricity will tnke its proper place among remedial agents when 
the members of the medical profession know its therapeutic 
capabilities as well as they now know those of quinin, iron, 
and the mineral acids. With a little practice, the U^chnique and 
the different methods of administering electricity can be easily 
mastered. The time rec^uired for each stance will be amply 
compensated for by the results, immediate and remote, of a 
proper course of electric treatment. General faradization has 
been much inveighed against on the score of its embarrassment 
to the patient, and the time and trouble to the physician. 
When the physician is in the presence of the indications for the 
employment of general faradization, and has faith born of 
experience in its powers as a curative agent, these complaints 
do not seem serious. Indeed, a careful stirvey of other curative 
agents, medical and surgical, excites surprise that any one 
could object to electric methods on account of the trouble 
in technique or the embarrassment of administration. 



METHOD OF GENERAL FARADIZATION. 

76. Essential Procedure. — General faradization may be 
given in the water-bath and in the hot-air bath or vapor-bath. 
It is most often administered by means of a large-sized metallic 
electrode covered with wash-leather. The operator may hold 
one electrode in his hand, and, with the other hand as an 
electrode, apply the current to the patient's body. This latter 
is a very effective metliod, and gives the physician complete 
control over the sensations produced by tlie current. In these 
different methods of general faradization, tlie negative electrode, 
made of copper, and of largo size, is placed beneath the 
patient's feet or under the gluteal region, and the positive 
electrode is passed over the motor points of the body. The 
current should always be applied through a rlieostat, and 
regulated to the tolerance of the patient. If the sponge 
electrode is used, it is well moistened with a solution of sodium 
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liicarlMinat«; and it its siirfnce is well lioapotl, it will fnclHtAte 
lis riiiivniii'Dte iivrr ttie siirfiicr of tliu lnwly. U is not invcssan- 
lo go nver tlie entin- bixly in Hd ministering general famdlzntion, 
Tlio head, cervical and abdominal sjtn pathetic, olsw the cnlire 
longtli of s]iinG, should receive special attention. Bonv 
prominences are iiaiiiful, and should l>e avoided. The first 
treatment is tentative, and the suacepti hi lilies of llic patient are 
noted, in order to ri^ulate dosage of aubaefiuent trt^tments. 
In applying famdittatinn to tlie neck and head, the wet hand 
has many and doeided advanttiges as an electrode. In usin 
the hand, the semmtinns of the patient are under contndf^ 
and the difTerent motor points of the cervical region are mot 
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more easily reached and Itetler act^nl on than could be done i 
nny conceivalde artificial electrode. The hand may be nhangt 
tor the sponge- electrode (Fig. 32) when treating the apini 
thoracic, and abdominal regions. The lower cxtreinitieB i 
neually suirieiently affected by the electrode ajiplieU to then 
of the feet. The upper extremities may be acted on tliroi^ 
their nerves in the cervical rt^ion. On account of the phyi 
logical importance of the cilioBpinal center, it should be giw 
special attention in every general faradic treatment The cun 
cmployefl does not affect the operator when he uses his hand ■ 
an electrode, except perliajis to produce slight fatigue. Indei 
it is rather beneficial to the operator than otherwise. I 
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rei)ortecl where the muscles of the arm gained in size and 
strenf^th, due wliolly to the use of the hand as an electrode. 
The use of the hand as an electrode should always he resorted 
to in applying faradization to the head and neck. The results 
ohtained hy the hand-electrode are niucli ])etter and more 
agreeahle to the patient than those produced hy the sponge- 
electrode. That electricity should always he applied in locus 
nwrbi, as taught hy Benedict, is true only in a limited numher 
of diseases. Local diseases (juickly alter the functions of 
the entire organism. Spt»cial attention is given to every 
local manifestation of disease, while general electrification is 
used to t<^ne up the system, improve nutrition, and resist 
morhid processes. 

77. Object of General Faradization. — The ohject of 
genenil faradization is to submit all parts of the hody, i)articu- 
larly the motor points, to the influence of the faradic current 
As a rule, the negative pole is ap])lied to the soles of the feet or 
to the gluteal region, and the ])ositive pole is applied to the 
various motor points of the ])ody. If the operator desires it, 
the poles may he changed and the motor points submitted to 
the more stinmlating properties of the negative pole. When 
applying the faradic current to important nerve-centers, a weak 
current is first used, and then gradually increased through the 
rheostat, to the toleration of the patient. By following this rule, 
the best results will be obtained when it is desirable to act on 
centers of special importance. In very feeble or paralytic 
patients, the negative electrode must be secured to the j)atient'8 
feet, or placed beneath the coccyx. Young children are treated 
by ])lacing a sponge- electrode beneath the coccyx, the ])hysician 
using his own hand as an electrode. This is certiiinly the best 
method until the child becomes habituated to the sensations 
produced by the current. 

78. llhytlinile Fai-aclleHtlniuliis. — The ex|H'rini(*nts of 
Debedat, cited in Art. !i(), show verv cluarlv the inirrcascd 
physiological development of muscles submitted to the rhylhniic 
faradic stimulus of 30 interrui>tions jxt minute. The same 
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author ])ri>v(>t$ with (.*(iual clearness that prolonged faradic teta^ 
niziitinii rausc's ]>hvsiological atrophy. The great utility ol 
rliytlnuir faraili<- contractions, 30 -per minute, when applied to 
all tlir niusrli's i>f the hody, must appeal to the physician as 
ouv of the most valuahle theraj>eutic agents at his command. 
l\:i|»iil intcrnij»tions, with high electromotive force, ])roducing 
trtiiiius, if |)ro]KM'ly managcHl, will render the ])atient striking 
>rrvi(r, and rxhihit, in an easily understood manner, the ability 
nf I lie n)K>rator. If a motor point is submitte<l to tctanizing 
iiit« rmpti^Mis for a brief duration, fatigued and exhausted mus- 
('!r^ MR' ii'w'vu a feeling of lightness and buoyancy. There 
i> iH» inrnasiil ]>bysioli>gii*al development, but the />/V/i (tre of 
tin j.Mtinit is vrry mucli inipmved. A feeling of muscular weak- 
iH>^ ;m«l txliaii.-tioii may be instantly relieved by a proper 
;i|»|.lir;iti«»ii of a rapidly interrupteil current to the difTerent 
iiniiMi- ]ioint> •»!' till' body. 

A liii-r nuinlMT of patients coming to the i)hysician's office 
tnr rli riricMl inatiiHiit rri|uirc an agent whose efTects are tonic 
and ^timiilatinL;. Il i> w<'ll known in electrotlierai»eutic8 that 
ali('rnaiin«j currents |n>ss(ss I best* properties in the most striking 
niMnn« r. 'rin- ]»]iysi(ian should, therefore, have the thera]>eutic 
])n»prrti('> nf tlhsr rurrcnts lirmly tixi^l in his mind. 

1\K liiiporuint ('<>nsi<l<Miitlons. — The following points 

slinuld Im' canfullv observed in everv faradization, locid or 
gcnrral, in tin- bath or with the usual electrodes: 

1. 'riir rhcinMiiotivc force cmi)loyed, whether high or low. 

*J. 'V\\i'. nunil»t'r of interruptions per minute, whether 30, 
IT)!), *J,()n(), or I(),(XM). 

.">. The ebara(t(M* of interruptions, whether smooth and even, 
or irre;zular and "jerky.'' 

1. The etbets produced nn the neuromuscular system, and 
the duration of the seance. 

80. Many diseases are self-limited, and recovery may 
result without any treatment, sometimes in spite of treatment 
This is also true when apj>lied to electricity as it is used in 
mcnlicine. The best results, however, will be obtained by the 
physician that has a thorough knowledge of the physiolog}' and 
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therapeutics of tlie current he is ahout to use. Further, to 
secure success, he must know how to regulate electromotive 
for<*e and to determine the ret^uired number of interruptions 
necessary in any given case, and to he ahle to properly time the 
length of the seance. The susceptibilities of the patient and 
the varying tolerance of different portions of the body will also 
require special study. 

TK( 'UNIQUE OF EI.ECTRICAL. APPI.TCATIOXS. 

81 • Application of Kleetrlclty to the Head. — When 
treating a patient by the method of general faradization, care 
must always be exercised in applying the current to the head. 
Bony surfaces are always painful to electric applications, and 
the head makes no exception to the rule. Ft»r the first few 
applications it will be safer for the physician if he grasp the 
negative electrode in his left hand and use his right hand as 
the positive electrode. By pressing more or loss on the electrode 
held in his left hand, the strength of the current applied to the 
patient can be very closely regulated — can l)e incrreased or 
diminished at the will of the physician. The hand used as an 
electrode is kept thoroughly wet, so that in this maimer current- 
strengths, trying to the pliysician, will be ]>ome without com- 
plaint by the patient. When the hand is placed in the region 
of the cere])ellum, the current-strength may be considerably 
increased, as this part of the cranium toleratv^ strong currents. 
When the hand is over the cerebellar region, and rapid inter- 
ruptions with a high electromotive force are used, flashes of 
light and metallic taste are very frequently observed. 

82. Application of Electricity to the Cranium. 

As dry hair is a non-conductor, some means must be taken to 
permit the electric current to reach the brain. In the case of 
females, moistening the cranial center, a point midwa^'^ between 
the ears on the summit, will serve to pass a weak current and 
accomplish the effects desired. The cranial center is the 
most 'important center in electrical application to the head. 
In male patients, the whole head may ])e moistened with 
water and the resistance to the current r'^luced as much as 
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|M»ssihlc\ In ai)|>lyinj? familization to the cranium, the fifth 
|.;iir, thr stvcntli pair, the cerehral ccmters, and the muscles 
nf tlir cranial region are suhmitted to the influence of the 
fannlic (urniit. There is little, if any, electrolytic action 
InNHliKM'd, hut niarkcfl tonic and stimulating effects follow each 
:i]»l»li(ati«)n. Tlu» nearer the alternating current ajiproaches 
tin- >iiir-wnve type, tlie less can electrolytic action occur. 
In wtH-innrkctl dissyinnietrical wave-currents, there must In? 
>«»nn' rli'(tr(»lyti(' action, and this should always he remem- 
Innil in fMiadizin^ tlie cnmium. In using electricity on 
any ].:iit nf tlic Ifody^ the physician's intellect should \ye 
\\li.»lly n('< iipird hy thr work he is doing; hut this heconies 
( ii!j.]i:iiir \\\v\ allows of no exception when electricity in any 
loiin is 1.1 iii^ applir*} to tlie region of the head. The appli- 
» Mii.Mi nt" rli. trit ity in any form to tlie cervical region i.s worthy 
.•I :i!l tli<' ati«'nii«»n <»f which the i>hysician is capable. Through 
ilh- (M r\ i( .i] ni^i-.n pass the ])neiiniogastric and phrenic nerves, 
:.n'l tin- l>r:irl,i.il p].-\n<«s; and close to the spinal column on 
• iili< r ,-i<lr i> f'.und tlir chain of sympathetic ganglia. All 
ili.v, ii!i|M.M;ini stnictnns can lu^ inlluenced in their functions 
l»y cNvtric . niirni^. particularly when the hand of the phy- 
>i< i.'Mi i- iist'l as an elect n^de. In enumerating the nerve 
strut tun > of tlic n<rk, tlic larjrc arterial trunks must not he 
fi»ri!nttin. These latter, liy a})propriate manipulati(m with the 
hand clectnule, can he contracted or dilate<l at the will of the 
pliy>ieiaii, and the ci-nhral cinnilation directly influenced. 

So. <'«'cvlfal Ki'^ion. — It is well established in the 
phy>iolo^y (»f electrotherapeutics that rapidly interrupted in<luc- 
t inn-coil currents increase the vermicular motion of the muscular 
layer of ilu; arteries, and that when the electric current is 
tlowiuL' in the clircetion of the normal vermicular motion the 
tlow of the hh)od-current is increased. When the electric cur- 
rent opposes the direction of the normal vermicular movement, 
th(^ tl(»w of the blood-current is (liniinishe<l. In applying tlie 
ra|>i<lly interru|)ted current to the cervical region, as part of 
the treatment of general faradization, the physician has to 
some extent the circulation of the cerebrum under his control. 
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Faradization of the spine reijuires some practice to produce all 
the effects of which it is capable, and is remarkable for the 
number of phenomena that it induces. For example, with 
the sponge well moistened and firmly pressed over tlie cilio- 
spinal center, the most important center of the spine, the 
lungs are influenced through the plirenic nerves ; the 
larynx, tlirough tlie laryngeal nerves; the stomach, through 
the pneumogastric nerves; and tlie superior members, 
through the brachial plexuses. The influence of the electric 
current, thus modifying the most vital parts of the nervous 
system, gives a sound physiological basis for its use in the cure 
of disease. During this application to the ciliospinal center, 
the sympathetic ganglia are also modified in their functions, 
and the wide range of their ])hysiology is also utilized in 
directing and modifying pathological processes. To obtain 
the full benefits of faradization of the ciliospinal center, the 
8i)onge is well moistened and firmly pressed against the verte- 
bra;. Strong currents must also be used. 

84. Ciliospiiuil Center. — With the exception of the 
perineum, there is no other part of tlie body where so many 
nerves may be influenced by a stabile application as the part 
known as the ciliosiiinal center. The application of alternating 
current« to the ciliospinal center is worthy of the most careful 
attention and painstaking care. Some patients, even with weak 
currents, are annoyed by a persistent cough, due to stinmlation 
of the laryngeal nerves. Others comi)lain of a feeling of 
depression, referred to the epigastric region. As a rule, how- 
ever, the effects produced in all classes of patients are exhila- 
rating, tonic, and susUiining, even from the first application. 
A proper application to the ciliospinal center is the most 
satisfactory part of general farad izjition. The ])atient usually 
demands its repetition, and expresses his sense of gratitude for 
the beneficial effects j)roduced. In treating patients with a 
thick layer of adipose tissue, extra ])recautions must be taken 
to get the current to the center. The sp<>n«fe should be well 
saturated in some saline solution, and (irmly pn-ssed against 
the spinous processes. The current is also increased in strength. 
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111 fiu'1, till' current b turned on through the rheostat until 
till' iiiiliviit exjm'KWii 11 feeling of intolerance. Before begin- 
iiiiit! tniitiiictit the surfiice-area of the ciliospinal center is 
well I IK listened with water. 

85. Tlui Hiiluo. — After attention has heen given to the 
i'iliii..i|iiiiiil 11 liter, siiul all the effecta produced of which 
the I'lirrHil tiNiil U ca[mb1e, the application is continued 
iili'iiu tlir iiitiif IftigUi of the Bpine. The eiKinge is elill 
lirtiily |in'><^i:il to tht; spinous processes; but after the scapular 




rciii'iii i- |i:i,s-'oil. till' ii(i-tri>de may i>e applietl to the hepatic, 
roiuil, ;inil ^[>l^■llil■ ir^iuns, (h-scending to the eauda etjuina, 
iMrrtnliv iivoiiliii;; the inniiniiniilc bones. The middle portions 
111' tlivs|>iin'lulii:iti'[')rijn^ciirrfnt.«, without the least ezpreKsion 
i.f |>:iin .ir iiLiLii>_v:in.i', Tbf fhrtrode illustrated in Fig. 33 is 
iiflrn n.-cil iiL milking a|i|iliciitit.n,i to the epine. 

till. <;fnH«»si>liinl CVnti-r. — Sufficiently trustworthy 

fX].riiiiii'nls liavi- filrcinly :nfiinin luted to justify the assertion 
tli;it llic' :illeniatinji currfiit iii-ts iin effectively on the genito- 
siiiniii (■■■liter as it jjiis liirn shown to do on the ciHosphial 
iviitir. \ fitiuly of the |ihysitili.i.'y of the genitospinal center 
before :iii clirtric apiiliailion, oi>ni|iarcd with a study uiitde 
after an eleetric ft'anw, leavt/n no roiim for doubt concerning 
llie inlliirnnii ct elLrtn<;ity on this center. The skin must l>e 
wi'll iniiij;li'ncil, the elet-triKlcs tliurougbly eatuntted, and the 
cnrreiLt-slrenjrth carried to the tolerance of the piitient. Atten- 
tion til the i-oil until, its vibrator, and its inducing E. M. F., 
with a knowledge (it the yuscciitibiHtics of the patient, will con- 
trilnitc much to the results obtained. 

These two centers, the ciliospinal and the genitospinal, are, 
through the lestiniony of clinical experience, the most important 
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parts to be attended to in general faradization. With a well- 
saturated electrode placed over citlier of these areas, and a 
strong current used, the phenomena produced are striking, and 
will always command the attention of the physician. When 
the cranium has been submitted to the action of the current, 
as described, and the anterior and posterior triangles of the 
cer^'ical region carefully and appropriately acted on, the other 
two areas commanding attention in general faradization are the 
ciliospinal and genitospinal centers. It will thus be seen that 
in a properly conducted seance of general faradization, the 
entire neuromuscular system is submitted to the tonic stimu- 
lating influence of alternating current^:?. It cannot be made too 
clear that the results obtained will depend in a large measure 
on the skill of the operator, on the electromotive force 
employed, and on the rapidity and evenness of the vibrations. 
The vibrator ought to be easily and noiselessly manipulated, 
so that the patient will not become alarmed by any change 
in technique that the physician may see fit to make. 

87. The Tlioi^aclc lleinrioii. — The organs of the thoracic 
cavity are little or not at all influenced in their functions by 
applying the electrodes to the thoracic walls. To influence the 
thoracic organs, the nerves supplying these organs must be 
acted on at a distance — in the spine or in the angles of the 
cervical region. Much good, however, can be accomplished by 
applying both electrodes to the thoracic walls, or the negative 
electrode to the feet or gluteal region, and the positive electrode 
moved over the surface of the thorax. With well-regulated 
interruptions, the external and internal interc<)stal mu.sclcs, 
with other muscles attached to the ribs, are increased in pliysio- 
logical development by every faradic application. On account 
of the anatomical formation of the chest, strong currents are 
not tolerated, yet currents of suflicient stn;ngth to increase 
physiological development are agreeable to the patient, and in 
the majority of cases are well borne. In some j)atients, the 
hepatic and splenic regicms are unaccountably tcMider, and 
justify the suspicion that the important organs of these areas 
are more or less diseased. Faradization of the thoracic walls is 
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beneficial simply as a muscular stimulant; there is no action 
produced on the heart or lungs by direct application. 

88. The Abdomen. — The anatomical conditions of the 
abdomen differ greatly from those of the thorax. The condi- 
tions of electric conduction are much better in the abdominal 
than in the thoracic region. The alternating current acts 
directly on all the organs contained in the abdominal cavity, 
without any regard to their nerve-supply. The skin is well 
moistened and the electrodes thoroughly saturated. Adipose 
tissue is a poor conductor of electricity, and this must be 
thought of and compensated for, in treating corpulent patients. 
In corpulent patients, the active electrode is made somewhat 
larger; it is thoroughly saturated and pressed on the abdominal 
viscera with as much force as the patient can comfortably bear. 
The action of alternating currents on non-striated muscle-fibers , 
drops rapidly in diseased conditions, such as paresis, atony, etc., 
and the direct current is then used. In every application of 
general faradization, the abdominal viscera should receive a few 
minutes' attention, and the physician should be particular to 
bring the organs contained in the abdominal cavity under the 
influence of the alternating current. The treatment gives tone 
to the flaccid voluntary muscles at the same time that it stimu- 
lates tlie function and increases the nutrition of the deep- 
seated organs. 

89. The liower Extremities. — The anesthetic proper- 
ties of tliefaradic current, and its injportant uses in gynecology, 
do not properly come under the head of general faradization. 
It has previously been stated that the negative copper plate 
applied to the soles of the feet causes suflicient electrical 
action on the lower extremities. If it becomes necessary 
to extend the application, the patient is requested to stand 
on the copper electrode while the physician goes over all the 
motor points of the lower extremities. In this method of 
application, the hand makes a very serviceable electrode. 
The tolerance of the external and internal surfaces of the 
thigh differs widely. There are very few sensory nerves dis- 
tributed to the external part of the tliigh, whereas the shower 
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of nerves known as the anterior cmral rendpra the internal 
surface of the thigh very sensitive. The physician will hest 
control the effects of the current hy holding the negative elec- 
trode in his left hand and applying his right hand, well 
moistened, to the jmrts selected. By j)ressing on the electrode 
held in his left hand, the current-strength can he instantly 
increased or diminished. While making these applications, 
the superior part of the body should he well protected by 
clothing. The ph>'sician must always think of the comfort and 
convenience of his patient. 

90. The Upper Kxtremltles. — The upper extremities 
are usually sufficiently affected hy the current when it is 
applied to the spine or cervical region. It may be necessary 
in certain cases for the physician to make direct application to 
the motor points of both arms. In doing this, the object to be 
attained is kept steadily in view. If tonic vasoconstrictor effects 
are desired, the int(5rruptions are made rapid, and the electrode 
simply permitted to make contact, and no more. If physio- 
logical development is required in cases of paralysis, slow 
interruptions (30 per minute) are used, and the application is 
continued for about 6. minutes. To secure this rhythmic faradic 
interruption, 30 per minute, a special clockwork mechanism is 
required. This mechanism is a necessity, when physiological 
exercise of paretic or paralyzed muscles is the point in view. 
The faradic battery is not arranged for giving accurately 30 
interruptions per minute; and, as the rate of interruptions 
plays an important role in electrotherapeutics, the clockwork 
mechanism should be attached to the battery for effective work. 
A rapid rate of interruptions per minute rapidly fatigut^ 
the muscles, diseased or healthy, and will, in a short time, 
cause physiological atrophy, the exact opposite of that which 
the physician desires to secure. 

91. The Hand as an Electrode. — In beginning a 
course of treatment by general faradization, if no contra- 
indications exist, it is best to use the hand as an electrode. In 
this way it is possible to avoid shocking the patient or throwing 
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liim off his foot in applying alternating currents to the 
lowrr fxtmnitips. There are certain ohjections to using the 
\\iuu\ as an ehH'tnxh — ohjections on the part of the pliysician, 
ami ohjtMtions <»ii the part of the patient. In the presence of 
(hsrnst'. liowevrr, and <H)nfront«<l with the desire to recover, 
IIh" «»i»jr('tions on hoth sides, one might think, could be easily 
t)ver('()ni('. Without doul)t, wlien applying electricity to certain 
portions of the hody — to tlie head, neck, or internal surface 
of t lie thighs— no artificial electrode vet constnicteil has the 
]»lial)ility «»r adaptahility of the human hand. When the 
pat in it ht'coiiHs hahituatetl to the sensations of the current, or 
wlu'ii thr physician has the susceptibilities of his patient 
coniplrtrly \nul(M* contn)!, the sponge-electrode may l>e 
cnipioy* «1, <T the use of the hand-electrode continue<l. The 
ilrrtpxh- iisfd will he (h^temiined by the individual opinion 
of till- physician; y«t tlu^ pliysician will never regret having 
n-(<l his han«l as an electrode, at least for the first few appli- 
<;iti(»ns, ]):irti(nlarly when a]>|^lying electricity to the head, necrk, 
».r inner snrfae(^ of the thi^h. 

1>2. An Av4»ra^4» Api)l!<*atlon. — The tonic stimulating 

elh'et of «ieneral faradi/at ioii can he secured without acting 
directly n\\ either the upper <»r the lower extremities. In the 
niajnrity (»f «'ases a l-miniite ap|>lieation to the head will suffice, 
hecaiise it is more sensitive and responsive \o the action of the 
cin-rent. and as a rule is not ]H'olonp»d beyond this period. 
The neek, sy]n])athetie ^^anglia, and cervical spine occupy the 
*rreater part of the seance; next come the l)ack, abdomen, and, 
if necessary, the up])er and lower extremities. 

An averap* ap]>lication may be apportioned as ftdlows: 

1. Head, 1 minute. 

2. ( '(Tvical n'jj;ion, including the c(»rvieal spine, 5. minutes. 
8. p]ntire length of sj)ine, including hepatic, splenic, and 

renal regions, 1 minutes. 

•1. Anterior abdominal region, about the same time. 

o. The time devoted to the upper and lower extremities will 
be determined by the judgment of the physician and the effects 
to be produced. 
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93. The Time Element. — The time necessary for all 
electrical applications varies but little. General faradization, 
central galvanization, and static methods all require about the 
same time. The treatments may be repeated daily, on alternate 
days, or once a week, according to the diseased condition. 
Even a faradic or galvanic application for a peripheral affection 
will be found to consume about the same time as general faradi- 
zation or a required static application. In the language of 
Trousseau, ** chronic diseases demand chronic treatment." A 
course of iron will have accomplished little at the expiration of 
one week. To obtain the full benefits of any ferruginous prep- 
aration, several months are necessarv. The same is true of 
electricity given in any form; one or two seances will accom- 
plish very little in the direction of complete cure. Most 
patients applying for electrical treatment have some chronic 
malady, and chronic maladies re({uire chronic treatment. No 
matter what the case, at the end of one month there should be 
some improvement, and the improvement, however sliglit, will 
give encouragement to the patient and justify the physician in 
continuing his plan of treatment. Daily seances give the best 
results, and cases present themselves in which treatment twice 
or even three times daily will be found beneficial. The con- 
venience of the patient and the judgment of the physician will 
determine the number of seances weekly. It will be well, 
however, to remember that two or three applications daily 
increase the efficacy of the treatment and inspire confidence. 



RESUl-TS OF CiENKR^VL. FARADIZATION. 

94. The results produced by general faradization are both 
primary and secondary. The primary effects are produced 
during and immediately after each application. The secondary 
effects occur one or two days after the application. 

95. Primary JSlTects. — The primary effects of general 
faradization are very important. They are usually tonic and 
stimulating in their nature. A feeling of lightness, buoyancy, 
and bien itre is the usual result when proper methods are 
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pursiuil. A 8(Misation of malaise, depression, headache, lui^i- 
tiKlc, is not at all incoinpatihle with permanent gooil results. 
Thr j)rinjary (»fTeotH produced are largely controlled by the skill 
and manipulation of the operator. Patients, much dissatisfied 
with tin* first application, may return in a few days and express 
thcnisclvfs very much im-prove<l. The relief of j)ain of various 
kintls and the fet'Iin^^ of lightness and buoyancy produced by 
tli(* rir>t api)licalion will usually inspire confidence. 

Uii, Secondary Kffects. — The feeling of soreness and 

fatiiruc M> oftrn complaineil of ])y patients submitted to general 
faradization ran usually he avoided ])y making the first few 
a])])li(atinn< tentative, and hy using the hand as an electroda 
Miisolr- that havf not been useil for some time, nerves 
scnii<lonnant for months, jj:ive a pathological reaction when 
suhniitttMl for the \\r>{ Uuw to the action of the current and 
awaUriKMl from thiir Irthar^y. In these Ciises use the hand 
as an rhctrodr. makr tht' srance short, or give massage in a 
miltl form iiistra<l of electricity. Having once learned the 
iiiduianrr an<l constitution of thi^ ])atient, the current- strength 
an<l tlic liiiLTth of tlu* stance may be increased. Annoying 
.--ernndaiy eiTects are not likely to occur after the tliird or 
fouith >tancr. 

The secondary etTects occur after other methods of electric 
ailndidstration. Static siiarks, viL'orouslv administered, even to 
an ap])arently robust j-uhjcet, will, after two or three days, 
cause muscular soreness and a general feeling of malaise. 
Clianixts in the [)hysiolo«ry of the body are produced ])y an 
electric ciuTcnt that continue to act long after the current has 
been broken, or its contact with the body interrupted. The 
results of faradizati(»n may be ai>parent during the first seance; 
they mav show themselves slowlv during the course of treat- 
ment, or tiny may become manifest, ft)r the first time, months 
after it has been discontinued. It may not be out of place to 
again state that, no matter what method is eujployed, some 
improvement should be manifest in one month; this will guide 
the future conduct of the physician. If no improvement tukes 
place in one month, treatment may be discontinued. 
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97, Results Secured. — What results is a physician 
justificKl in predicting when he begins the use of coil-currents 
in the treatment of disease? First, last, and all the time, 
alternating currents are tonic and stimulating. They may be 
made sedative and paralyzing when improperly used, or when 
indications for sedative paralyzing effects present themselves. 
With the proper number of interruptions per minute, and the 
necessary electromotive force, the strength and nutrition of 
the entire muscular system are improved. This is a clinical 
fact that has been demonstrated in the laboratory. The 
ex[)eriments of Debedat establish this point beyond a doubt. 

98, InsomHia. — Insomnia is a symJ)tom common to 
many maladies. Sometimes static methods servo best; again, 
central galvanization lias proved itself efBcacious. In beginning 
treatment of this chronic and obstinate symptom, general faradi- 
zation should never ])e forgotten. It increases the nutrition of 
brain and spinal cord, sends richer blood to a fatigued and 
exhausted stomach, increases the peristaltic action of the intes- 
tines, and relieves constipation. The entire muscular system, 
striated and non-striated, is increased in vigor, the ])hysical 
forces of the human organism are harmonized, sleep is tempo- 
rarily, and in the great majority of cases permanently, restored. 
Cases of chronic constipation are permanently cured after two 
or three months* treatment. The liver and spleen are acted on 
by alternating currents applied locally; and this action, added 
to the tonic stimulating influence on the splenic and hepatic 
nerves, establishes a raison (Vcire for the wide use of general 
faradization. Alternating currents may be made to exercise 
their specific action on the intrapelvic organs, in both the male 
and the female, without the use of an internal electrode. The 
effects produced on the organs contained in the pelvic cavity 
will depend on the electromotive force, and on the smoothness 
and number of interruptions. 

99, Electrolysis and Chemical Action. — It has been 
shown that alternating currents, wh(»ther symmetrical or 
dissymmetrical, have electrolytic action. They certainly 
have electrolytic action that needs the physician's attention. 
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Electrolysis in medicine and (iheniicjil action are 8ynori}Tnous, 
and the physician cannot think of one without explaining the 
other. Indirecth", then, the alternating current must possess 
decided electrolytic action. Surely, as has been demonstrated, 
it increases the strength, size, and nutrition of muscles; and 
the physician takes it that this is accomplished by increased 
chemical action. The circulation is increased in activity, 
interchange between the blood-stream and important viscera 
is acceleratecl, metabolism is augmented, elimination of used 
material is facilitated, and the entire organic physiology has 
new stamina imparted to it, which continues to act until 
opposing morbid forces establish an equilibrium. 

100. "Modus Medendl" of General Faradization. 

So far as the physician is concerned, the modus medendl of 
general faradization has very little significance. The fact is 
that the cerebral and spinal ganglia are stimulated in their 
nutritive processes; v.hether this stimulation is due to increased 
supply of blood or whether the alternating currents act directly 
on these nerve-centers is not yet definitely detennined. All 
through the physiology, technique, and therapy of alternating 
currents, tonic stimulating properties were always kept in view. 
Applied- to the surface of tlie body, and acting on the terminal 
sensory nerves, this tonic stimulating })roperty of alternating 
currents holds a very prominent place in the treatment of 
disease. It is well known that any impression — mechanical, 
cheniifal, thermal, or electrical — made on the terminal sensory 
nerves is carried to the central ganglia, where it is capable of 
modifying function or even producing organic changes. The 
wide surface covered by the positive electrode in general faradi- 
zation must necessarily modify the function, and, if frequently 
re]>eated, changes the organic structure of the basal ganglia in a 
large section of the central nervous system. Of course, in 
hysteria and chorea and allied disorders, the object is to modify 
functions in central and spinal centers. But there arc maladies 
in which the object most desired is organic change in the basal 
ganglia. Here, general faradization, properly applied and 
frequently repeated, will not prove disappointing. 
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101. Orgranlc licsions. — In spinal sclerosis, in cerebro- 
spinal sclerosis, in locomotor ataxia, and in all ner\'ous maladies 
with well-defined organic lesions, any agent capable of causing 
structural changes, if applied during the initial stage, should 
cure or at least arn^st the pathological process. The same 
effects are obtained with static methods wuth less trouble, but 
many physicians that have not a static machine may be the 
owner of a good therapeutic induction-coil. The additional 
trouble in application is of little moment when the ultimate 
results to be o})tained are kept in view. AMien counter- 
irritation and surface stimulation are desired, a dry brush- 
electrode is used. The physician wishes to produce, over an 
extended surface, the ordinary action of a capsicmn plaster. 
This impress made by the peripheral electrical irritation 
travels along the sensory nerves to the centei*s in the spinal 
cord; it is then either reflected to some organ in direct ner\'0U8 
connection or it travels through the spinal column upward to 
the cerebral center. It then exerts its sj)ecific action on the 
cerebral center, and modifies functionally the organs in direct 
connection with these centers. The physiological stimulation 
thus initiated continues long after the current of electricity 
ceases to flow. 

102. Permanency of Cure. — The permanency of a cure 
by electric methods has been widely discussed. A large pro- 
portion of cases treated by electricity, or that apply for electric ' 
treatment, must be classed among those that feel better one day 
and worse the next. In all these cases, a judicious selecti(m 
of current, applied with proper care and lege artis, and for a 
sufficient length of time, will effect a permanent cure. After 
a course of electric treatment, even the most careful possible, 
relapses may occur. In this case, the course of treatment, more 
or less modified, should be continued until all symptoms of 
disease disappear. After any course of treatment — mechanical, 
surgical, or medicinal— relapses are lial)le to occur, and electric 
methods offer no exception to the general rule. The disease 
should be thoroughly studied before treatment is begun; the 
form of current appropriate to the pathological conditiou 
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ciinfiilly considered; and the dosage, the rate and character 
of vihrations, and the length of the B^^ance, regulated to suit 
the Byniptonis and susceptibilities of the patient. 



GAT^VANOFARADIZATION. 

1 03. By ixal vanofaradization is meant the simultaneous 
application, tbrou<^h the same electrodes, of the two forms of 
dy nan lie electricity — the galvanic and faradic currents. The 
negative pole of the galvanic current is connected with the 
positive pole of the faradic current, in which case the positive 
pole of the galvanic becomes the positive pole for the combined 
currents and the negative c»f the faradic becomes the negative 
for the combined currents. The characteristic of excitation, 
or wave-form, of galvanofaradic currents are illustrated in 
Figs. 15-20. These wave-forms must be understood by the 
student in order to comprehend the i)bysiologieal effects of both 
currents in their various combinations. A single rheostat 
suflices to n^gulate both currents. 

The sensory elTects of both currents combined differs from 
that produced by eitber current used separately. 

104. Motor Xorve iiiid Striated Muscles. — Motor 

nerves and niusclrs resjmnd more energetically to the galvano- 
faradic current, the battery and coil being in series, than when 
stimulate(l by the coil-current alone. When, however, the 
currents arc connected so that they flow in opposite directions 
instead of tbe same direction, tbe action on motor nerves and 
muscles is much feebler than when tbe induced current is used 
alon(\ Tbe cbaract(Mistic of excitation f )r this current is illus- 
trated in Fig. 10. To this excitatory action on motor nerves 
and muscles nmst also be added tbe electrolvtic effects of the 
direct current. 

105. Non-Striated Muscles. — With regard to thera- 
peutics, one of tbe most interesting physiological effects of 
galvanofaradic applications to non-striated muscles is that the 
effects of faradization with tbe rapidly interrupted current from 
the long fine- wire coil can be exactly duplicated by combining 
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in series the coarse- wire coil with the galvanic current. Faradi- 
zation with the coarse- wire coil used alone produces no effect on 
the musculature of the intestines; but if a continuous current 
of 2 or 3 luillianiperes is introduced into the faradic circuit, 
energetic contraction of the circular fil>ers of the intestines is at 
once produced. 

Effective faradization with the current from the long fine-wire 
coil is very painful for patients, whereas galvanofaradization, 
using the coarse-wire coil, produces the same motor effects and 
is at the same time readily supported. 

106, Sensory Xerves. — Waller and de Watteville have 
demonstrated that the electrotonic phenomena are the same in 
both sensory and motor nerves. A condition of increasetl irri- 
tability is produced in the sensory-nerve terminals beneath the 
cathode of the direct current, and a condition of decreased 
irritability beneath the anode. The sensory effects of galvaniv 
faradization undergo the same variations as the motor effects 
and are more intense than when the faradic current is employed 
alone. The physiological effects of galvanofaradization are 
interesting to observe when the two current sources are connected 
in parallel and the active electrodes are the anode of the galvanic 
and the cathode of the faradic current. However livelv niav he 
the sensation j)roduced l)y the faradic excitation alone, it is easy 
to entirely suppress it by continuing the galvanic current in 
opposition and increasing gradually its intensity. 

Both currents in opposition are frequently useil in the treat- 
ment of neuralgia in order to produce the anelectrotonic effects 
of the direct current and the revulsive effects of the coil-current. 
In the treatment of neuralgia, de Watteville combined the 
currents in series to obtain the catelectrotonic and nutritive 
effects of the direct current and the revulsive effect of the 
coil-cunent 

XriKIIAPEUTIC INDICATIONS. 

107. Galvanofaradization is employed with success when- 
ever the galvanic and faradic currents are simultaneously 
indicated. In paralysis and muscular atrophies where strong 
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excitations are required, rhythmic galvanofaradization obtained 
by combining the galvanic and faradic currents in series should 
be employed. IrriUibilitj is increased by the catelectrotonic 
action of the direct current, and the closings and openings of 
the direct current together with the faradic produce the required 
excitations. At the same time the cataphoric and electrolytic 
properties of the direct current act with the motor effects in 
incrca.siiig the nutrition of muscles and combating atrophy. 
Bordicr reports a case in which rhythmic galvanofaradization for 
10 minutes three times a week caused considerable hypertrophy 
of the muscles of the arm and forearm. He recommends rhvth- 
mic galvanofaradization in myopathic atrophies in the following 
manner: The positive pole of both currents is placed on the 
motor point of the nerve supplying the diseased muscles and 
the negative pole of both currents is applied labile over the 
diseased muscles. The treatment should be continued with 
occasional iiiterru}>tion8 of 2 or 8 months for a period of several 
v(»ars. Each stance is of 10 or 15 minutes' duration and the 
maximum strength of the galvanic current should not exceed 
8 milliami)eres. When other electrical applications have failed 
in the treatmiMit of neurasthenia, Ilirt recommended rhythmic 
galvanofaradization with high current-intensities applied to the 
inferior extremities. Tlie nniscular contractions thus produced 
are at first l>a(ily supported but the therapeutic results are at 
times surprising. 

108. Galvanofaradization seems to be especially service- 
able and is much recommended at the present time in the 
treatment of non-striated muscle-fiber. Erb particularly recom- 
mends galvanofaradization in cases of dilatation of the stomach 
with atony and feebleness of that organ and in intestinal 
occlusion due to accumulation of fecal matter, and in chronic 
(M)nstipation due to intestinal atrophy. In stomachic and intes- 
tinal affections galvanofaradization is the treatment of choice. 

M. M. Laquerriere and Delherm have recently published 
very happy results from the use of galvanofaradization with 
the current from the coarse- wire coil in cases of chronic con- 
stipation. The current from the coarse- wire coil, combined with 
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the direct current in series, has about the same effect on non- 
striated fiber as the rapidly interrupted current from the fine- 
wire coil applied alone, but has not the inconvenience of the 
latter. The sensory effects of galvanofaradization, using the 
induced current from the long fine-wire coil, are reduced to a 
minimum by the use of electrodes having large surface area. 

109. Rockwell recommends the employment of galvano- 
faradization in the treatment of exophthalmic goiter, but there 
is diversity of opinion with regard to the electric modality best 
adapted to its treatment. Some electrotherapeutists, Vigoroux 
for example, recommend the faradic current alone; others, 
among whom Eichhorst is the most important, recommend the 
galvanic current; while still others, as Larat, use both succes- 
sively ' during the same s6ance. Other electrotherapeutists 
recommend the electrolytic introduction of iodin, some from the 
negative, others from the positive pole, as the treatment most 
appropriate for exophthalmic goiter. The way out of the diffi- 
culty lies in a close study of the symptomatology of exoph- 
thalmic goiter and in a judicious selection of the physicochemical 
and physiological properties of the various electric modalities. 

According to Rockwell the symptoms of exophthalmic goiter 
are more readily ameliorated by combined than by single elec- 
trization. If the disease is due to the sympathetic, galvano- 
faradization will act more energetically on the vasomotor 
phenomena than either current alone. The physiological effects 
of the combined currents on non-striated muscle- fiber explain 
the favorable action of galvanofaradization in certain cases of 
exophthalmic goiter. If exophthalmic goiter is due to disease 
of the thyroid (hyperthyroidation) the combined method ought 
to be and is, according to Rockwell, more effect ive than either 
used alone or successively during the same stance. 

All electric modalities will relieve certain conditions of i)ain, 
one succeeding where the other failed, and vice versa. The pain 
that is not increased by pressure, and particularly if pressure 
affords relief, is likely to be benefited by the faradic current, or 
sinusoidal current, or by any of the high-potential manifesta- 
tions of electricity; while painful parts, sensitive to pressure, 
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with tlie exemption of the hypercBtheflia of hysteria, are as a 
rulo jifTeoted more favorably by the galvanic current. Accord- 
ing to Rockwell, the combined use of the galvanic and faradic 
currents j)ossosses no advantages over either current used 
separately in the treatment of the.se conditions. He attributes, 
Innvever, special value to the combined use of both currents in 
the treatment of spasmodic conditions; urethral spasm, spasm 
of the j)harynx, and cases of facial spasm yield more promptly 
to galvanofaradization than to single electrization with either 
the jj:alvanic or coil-current. Galvanofaradization, on account 
of iUv combination of physiological properties that it represents, 
namely, motor, electrotonic, cataphoric, electrolytic, possesses 
real a(lvanta»^es over either current used separately when the 
therapeutic indications re(|uire its use. 

1 1 (). rooroV Kxp(M*Iiii(*nts. — The classic experiments of 
Dr. (t. V. Poore, diMuonstrating the property of the direct 
current to iiicnasc the eiidurinj; powers of striated muscles, is a 
("linical proof of the value* of l)oth currents used at the same 
time. It is evident that if the direct current increases the 
enduring powers of skeletal muscles, the stance of general 
faradization or local faradization may be ]>rolonged when aided 
by the sinniltaneous use of weak galvanit* currents. 

Doctor Poore's experiments were made for the purpose of dem- 
onstrating ((() the elTi-ct of direct currents tm fatigued muscles, 
(h) the (-fTect of direct currents on the ]>ower of muscles. 

KxrRKiMiAT 1. He iiihtanciH the I'as^e of n patient that was able to 
hold out his jirni hnrizoutally with the weight of 17 ounces in the palm 
for 4 minutes, and then compKained of great pain, fatigue, and inability 
to go on, l)ut. was reheved of the i^ain and fatigue at once by the passage 
of a direct current in a descending direction along the arm. 

KxeKKiMKNT '2. — To <lein()nKtrate the effect of a direct current on the 
power of niusclcB, tlie person experimented on squi'ezed a dynamometer 
t'ight times at intervals of in seconds, with an average of 4SA |>oundB for 
each s<]ueezc. With the aid of a direct current, eight more squeezes 
wore made, giving an average of 50^ pounds. The last series of squeezes 
wvxv. S minutes after the first. The current- strength pas.s(Ml was never 
suflu'ient to cause muscular contraction. 

Ill, TjcdueN TCxporlments. — A digression may be 
made here to direct attention to the strikingly interesting 
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l)henomena recently observed by Leduc in dogs and rabbits 
submitted to the influence of rapidly interrupted currents of 
low voltage. In these experiments Leduc employed the direct 
current from 20 storage-cells, or an equivalent number of 
ordinary chemical cells, and the current was interrupted from 
150 to 200 times per second. The head of the dog was shaved 
and covered with absorbent cotton saturated with a 1-per-cent. 
solution of sodium chlorid; this was covered by a metallic plate 
in communication with the cathode of the current- source. The 
anode, which was arranged in the same manner, was on 
the back at its posterior portion, which was also shaven. 
The interrupter was now started and the cells introduced 
rapidly by means of a cell-selector until the current reached an 
intensity sufficient to tetanize all the muscles of the body. The 
animal then fell on its side and respiration ceased; the E. M. F. 
was progressively diminished until respiration was reestablished, 
which occurred in both dogs and rabbits at a voltage varying 
from 16 to 30 and at a rate of flow of 2 milliamperes for the 
interrupted current and 22 milliamperes for the continuous 
current, the interrupter being closed. During the period of 
contraction, both feces and urine passed involuntarily. When 
respiration was established, the heart acted normally but the 
animals remained on their side completely immobile; all the 
skeletal muscles were in a state of complete relaxation, and if 
the animal was lifted up ])y seizing folds of the skin, it was 
completely inert. It could be pinched, pierced with needles, 
or cut, but it manifested no reactions, made no cry, nor made 
any movement of defense or flight. The cerebral functions 
were suppressed and the animal was in a profound sleep and a 
state of complete anesthesia. 

This electric cerebral inhibition may be maintained for a 
long time. Several animals have been put to sleep at different 
times for periods of more than 2 hours without the least incon- 
venience to their health. As soon as the current is discontinued 
the awakening is sudden, and the animal moves its limbs and 
jumps joyously around. There are no after results, no vomit- 
ing, the animal appears in perfect health. If the E. M. F. is 
increased very slowly and gradually, clonic convulsions precede 
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sleep; there is a period of agitation analogous to that produced 
during the administration of chloroform. It is more difficult 
to produce sleep in this way and it seems somewhat more 
painful to the animal. By means of these currents applied to 
man, all the muscles of an arm or leg may be contracted 
without producing any pain. If the cathode is placed on a 
superficial nerve, the median above the wrist for example, a 
creeping sensation is produced beneath the electrode and also 
absolute and complete anesthesia of the whole r^on supplied 
by the nerve peripheral to the electrode. If the individual 
experimented on has his eyes closed, he may be pinched, 
j)ierce(l with pins, or cut, without feeling anything in the area 
intluenced l»y the current. Evacuation of the intestines and 
bladder invariably accompanied these experiments on rabbits 
and dogs, and this without including the cerebrum in the 
circuit. On tliis account Leduc suggests the use of these 
( iirrents in the treatment of gastrointestinal atony. The most 
interesting' jnoperty of these intermittent currents of low voltage 
is certainly the production of sleep and general anesthesia. 
Altiirnatin.^ currents of low voltage do not produce these results. 
P'rom these <*xperimental researches of Leduc we learn that 
intermittent currents of low volUige applied to animals produce, 
without pain, instantaneous and complete inhibition of the 
cerebral heniisphen\<^, tlie cardiac and respiratory centers 
remaining intact. The sleep is regular and tranquil and may 
be prolonj^ed for hours without inconveniencing in any way the 
animal's health. Directly the circuit is closed the animal 
awakens. To us, there tloes not seem to be in the whole range 
of electrophysiology phenomena more important in their physio- 
logical significance or more suggestive in their therapeutic indi- 
cations than those observed by the veteran electrotherapeutist 
of Nantes in dogs and rabbib^ submitted to the influence of 
rapidly interrupted currents of low voltage. These remark- 
able experimental researches of Leduc must dissipate defi- 
nitively whatever lingering doubts may have existed with 
regard to the capacity of the direct or galvanic current applied 
percutaneously to effect in a direct manner the cerebrospinal 
nervous system. 
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81NUSOI»AI^ CUKRENT. 
112. D'Arsonval inlniduced the sluusoldal currentinto 

electrotherapeiitice in 1893. The appiiratUB from which it ia 
derived is growing steadily in favor, owing, to a great extent, to 
ito Biniplidty and tlie ense with which it is manipulated. The 
real cause of its widespread use, however, ie its wonderful 
influence over tlie symptom puin and its capacity to modify the 
nutritive processes of animal iife. The sinusoidal current lias 
a direct action on the nervous Bystem of vegetative life — on the 
great sympathetic, independent of its action on the neuromus- 
cular syatem. With low frequencies applied to motor points, it 
'produces energetic, undulating, painleee contractions. With 




Siuumulal Apparatm for AUemaHne Oimnt. 

high frequencies, tetanic contraction is produced, which lacks, 
however, the cramp-like sensation caused by the galvanic and 
faradic currents. Both as an excitant and wedative lo contractile 
tissues, sinusoidal currents have a wide range of use. 

113. sinusoidal Apparatus. — For physicians who have 
the alternating cun'ent in their offii-e, a vtry efficient sinusoidal 
appamlus lias been arranged in the following manner by Gautier 
et Larat: The current ia taken direetly from a 110-volt alter- 
nating current with a 30-candle- power lamp interposed as a 
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reeiBtance. The current is then conducted directly from the 
lamp to the primary of an induction-coil. The current used 
in the bulh is taken from a secontlary coil constructed on the 
Dubois- Reymond type, Fig. 3-1. In this arrangement the 
frequency of the street-current cannot be changed. The current- 




Mlrengtli i» regulat<iil by the degree in wliich tlie secondary coil 
overlaps the primary. The Kennelly ainnaoidal apparatus 18 
very convenient and serviceable, Fig. 35. For Hs use the 110- 
volt direct current is required. Another sinu!)oi<lal appuraliis 
now in very general use is nianufaclured liy the Mclntoeh 
Battery and Optical Company, Fig. 36. 
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114. The general halh, m a. means of adminislering the 
sinusoidal current, necessitates disrobing. This is Boniewbat 
inconvenient and requires some time. A very efficient and con- 
venient RnViRtitiite for the general bath is the hath with four 
electrodes, sis illnslrated in Fig. 37. The patient is placed in a 
ciiair, the seat of wluch in»y be adjusted to suit the size of the 
patient. There are four separate cells, one for each of the arms 
and legs, earh hiivin^ two elect itMles. The conductors n, b, c, d 
from each of (he cells arc connected to separate plates /, //, ///, 
IV on the switchboard .S', shown enlarged in Fig. 39. Each of 




tliofp plates may l)o connectwl cillier with the positive strip A 
«r the negative strip /{, the iirst being connecteil with the posi- 
livR cniKhictor ;) and the latter with the negative conductor n. 
For the purpose of malting these connections, the swilchlioard 
is provided with the holes "„ /),, r,, rf, and ",. b,, c,, d^ into Which 
any of the ]>lngs /',, P„ /*„ P, may he inserted. As shown in 
the illustrations, the plug /', eonnectn tlie plate /with the posi- 
tive strip A. and plngw /',, /*,, /', connect the phites //, ///, IV 
with the negative strip /f. Tlieae four plugs may he resirranged 
to'suit any requirement. 
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Fig. 38 shows the direction taken by the current, according 
to the disposition of the current-terminals. The electrodes 
used in applying the faradic current serve also in the thera- 
peutic uses of sinusoidal 

currents. Enclose a bi- I ^ 

polar vaginal electrode in 
the palm of the hand, 
and, with the sinusoidal 
current of'liigh fre- 
quency, observe tlie ef- 
fec-ts produced as the 
current-strength in- 
creases to the point of 
toleration. This exj>eri- 
ment will suggest many 
therapeutic uses of the sinusoidal current in the painful and 
congested conditions of the geni to- urinary tract. 




Fio. 39. 
Switchboiird. 



11 5. Physiological Kffects. — With regard to the phys- 
iologrical effects of sinusoidal currents, there are two prin- 
cipal factors to be considered — the duration of each wave and 
its maximum E. M. F. These two values constitute its wave- 
form or characteristic of excitation. The increase and decrease 
of potential in the sinusoidal wave is gradual and uniform, and 
it is to this feature of the current no doubt that its peculiar 
action on motor and sensory nerves is due. Continuity 
and regularity characterize the sinusoidal wave- form, whereas 
interruptions and irregularities characterize that of faradic 
currents. 

The faradic wave-form diflFers from the sinusoidal in the 
following features: (1) The E. M. F. of the faradic current 
of oi)ening is mucli higher than that of closing. (2) The 
positive and negative waves are not e(|ual. (3) The positive 
wave is not a prolongation of the negative wave; there is a 
certain interval between the two. While these two currents are 
alternating induced currents, they do not present the same 
wave-form, and consequently excite in a diflFerent manner both 
motor and sensory nerves. 
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To uiidenstaiKl Die cliaracteriBtics of ilic sinusoidal current 
oUtaint'd from the apparatus of d'Arsonval, Fig. 40, three 
ini'a.sures are necessary, namely, those of voltage, amperage, 
and frequency. A voltmeter in the field circuit gives the 
voltage, a tachometer placed on the axis of the dynamo gives 




Fig. 10. 

{(i) Jihtn.<^tnt: ih) Mufor: (c) Thausfnrmrr: (il) Milliamm<Ur m Ctuhilatitiit Circuit; (<) JfiY- 

lininimttf ill Altt nmlin;! Sinii}snit{iil Cirrnit: (/./"»«/ i', /) (''tiitiirla; {h) Triitic 

Snilrh or ('iirrnil-S'hrfin-: {J. J) JiiHdin'f-I'oKtf: U') Tnrhinm.tf r. 

the friHjuency, and a milliammeter j)laced in the alternating 
.siniijs<)i(hil circuit gives the amperage. From tlii.s apparatus of 
d'Arsonval two types of induced currents are derived— one alter- 
nating and tlie otlier direct. Tlie direct, or undulating, current 
is a periodic induced current having the sinusoidal form, but 
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it does not change its direction. The E. M. F. of the undu- 
lating current increases gradually from zero to maximum and 
then returns in the same manner to zero to recommence its 
variations. See Art 70, Magnetism (uid Electromnynetimi. 

When applied to the human organism both waves of the 
alternating sinusoidal current, that in the^ positive as well as 
that in the negative direction, produce similar and equal effects 
within the tissues. As there are two waves and therefore two 
excitations in each period, tli(* term freciuency would be more 
significant to physicians if expressed in the number of excita- 
tions per second. For example, instead of siiying a fre(]uency 
of 50 per second it would be more expressive of the action of 
tlie current to say 100 excitations per second. Applied locally, 
the sinusoidal current causes mild and wave-like muscular 
contractions; if the number of excititions is sufficiently high, 
tetanic contraction is produced, but not so abruptly as with 
the farad ic current 

116. The cliief advantage of the sinusoidal current over 
the current derived from the secondary of the induction-coil is 
the uniformity in its rate of change. When it is desired tliere- 
fore to excite vigorous muscular contraction of either voluntary 
or involuntary muscles, the sinusoidal is the current par 
excellence. 

An interesting point to notice is that the sinusoidal current 
causes energetic contraction of non-striated muscles, whereas in 
certain cases it is without action on striated muscles. This 
observation has been made l)y d'Arsonval, and is of importance 
not only in physiology ])ut also in elcHlrotlRTnpeutics. On 
account of the ver}' regular variation of its K. ^^. K. , the sinu- 
soidal current does not produce painful sensation in the sensory- 
nerve terminals when the number of excitations jht second are 
few: it acts on cutaneous sensibility niucli like the; galvanic 
current, and is not abriij>t like the faradic. In a general appli- 
cation, as in the hydro-electric l)atli, the sinusoidal current has 
a decided action on the nutrition of tissues. According to 
d'Arsonval, Gautier, and [.arat, the absorption of oxygen by 
the blood corpuscles is increased 25 j>er cent. In elironic 
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congestion of tho diflPerent organs of the body, a marked diminu- 
tion of their size is o])8erved after a course of sinusoidal haths. 
The importance of this acti(m in cardiac and hepatic conditions 
is obvious. The secretion of urine is also considerably increased. 
The current serves to stimulate the muscles of the peripheral 
capillaries, which are ])aretic from distension. This energy 
imparted to the periphend circulation gives new vigor and tone 
to the central organ of circulation. At the present time no one 
questions the capacity of sinusoidal currents to relieve painful 
conditions and to influent^e favorably the nutritive processes of 
animal life. These currents act on the nutrition of tissues 
without producing muscular contraction. 

1 1 7. Cause of Physlolo«rlcal Effects of Sinusoidal 
Currents. — According to Larat, the physiological eiTects of the 
siiuisoidnl current arc due to a direct action on the nervous 
syst<Mn of vegetative life, independent of its action on the neuro- 
muscuhir svstcni, wliich mav, however, in a secondary manner 
increase tlie direct eiTfK'ts of the (nirrent. 

A more likf'lv cause of the influence of these currents on 
general nutrition is found in the nx^ent experiments of Ayrton 
and Perry and of Mancuvrier and Chapuis on the movements 
of ions due to alternating currents. Tliese authors have demon- 
strated tliat when elr'ctrolysis takes place in a voltmeter, for 
exampl(», the positives and ihr negative ions appear at the same 
time on each electrode and that the conditions that increase 
electrolysis are a low freijuency and high voltage. In order to 
determine if displacement of ions took j)lace in the human 
body, M. Labatut experimented on a j)atient in a hydro-electrir 
batli containing nitrate of pilocarj)in. Tlie frequency of the 
current passed through the patient in the batli varied from 
G to 120 j)eriod8 per second; the E. M. F. was 20.7 volts. The 
physiologi(ml effects of pilocarpin on the sudoriferous glands 
werc^ manifested siniultaneouslv at both electrodes. The effects 
on the sudoriferous gla'nds were most marked for the low fre- 
quencies, and decreased gradually, as the frequencies increased, 
without however altogether ceasing, even for the highest fre- 
quencies of which the apparatus was capable. Since the ions 
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appeared at both electrodes there must have been in the 
interpolar area, that is in the tissues, a displacement of ions, 
and consequently an exchange of ions between the different 
tissues, each cell giving to the following cell what it received 
from the preceding. These exchanges within the tissues modify 
the chemical composition of the tissues, even though the ions 
are not liberated within the tissues, being simply displaced. 
This movement and displacement of ions by means of the 
sinusoidal current is evidently the cause of the increased 
respiratory capacity observed by d' Arson val and confirmed in 
therapeutic applications. 

11 8. Nutritive Action of tlie Sinusoidal Current. 

The nutritive action of the sinusoidal current has many impor- 
tant therapeutic indications; its power. to allay pain, however, 
is not less important. It is perhaps more important in this 
way than the rapidly interrupted current from the long fine- 
wire coil of the physician's induction-apparatus. Apostoli 
and others have borne strong testimony to the fact that the 
greatest success they have attained by this form of current has 
been in allaying the pains that occur in connection with the 
pelvic organs. The pains caused by uterine inflammation, 
pelvic cellulitis, ovaritis, salpingitis, and congestion are quickly 
relieved by it. Neuralgic pains are relieved and those of spinal 
irritation. This form of current is equally efficacious in pain- 
ful conditions of the rectum and bladder. The technique of 
its application in all those different conditions is similar to that 
of faradic currents. Sluggish circulation is responsible for 
many cases of sexual frigidity in both sexes. It is claimed 
that 80 per cent, of impotents suffer from prosbitic congestion, 
hyperesthesia of the deep urethra and weakening of the muscles 
that govern ejaculation, resulting in premature emissions, a 
premature want of power. The remarkable action of the sinus- 
oidal current on non-striated muscle- fiber and pheripheral 
circulation should be remembered in those conditions, and 
applied locally to give vigor and tone to the parts affected. 
The value of the sinusoidal current in gynecology is generally 
conceded, and we believe that when the simplicity of its 
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luc')mi<iue and the range of its physiological properties are more 
geiu'rally known, the rectal and genito-urinary surgeon will 
employ it as fretjuently and effectually as the gynecologist. 

119. The Undulatlngr Current. — It will be remem- 
b(>ro«l that thi.s current lias an electric wave, starting from zero, 
incnasinj^ in intensity until it reaches the maximum, and then 
r<'tuniin«x to zero in the panic manner to recommence its varia- 
tions in the s:un«' dinH-tion. This current is derived from the 
apparatus of d'Arsonval, Fig. 40. Its wave does not change 
direction, as ha[)prns in the sinusoidal alternating current 
Tlic umhilating current conihines, therefore, the effects of the 
galvanic curniit witli those of tlic interruj)tetl current. As its 
ekH.;trirnl wave is always in the same direction, it has electro- 
lytic properties, feehler however than the galvanic, and it is at 
the same time less irritating and hetter tolerated than the 
fara'lic eiirnnt. The eluiraeteristics of this current were first 
deserilM>(l hy A])o<toli and he applied this new electrical method 
to tliern]»y in gcncnil and to gynecology in particular. In 
general a|>|»lieati<)ns this eurrent has not heen much employed; 
in local a]»plicatinns it has heen utilized to combat pain, 
congestion, <hronie arthritis, endometritis, subinvolution, 
periuterine exudations, and ovaritis. 

T1h» undulating eurrent is employed in two different manners: 
(1 ) The activr elretrode is covered with wet cotton and inserted 
into the vagina: (2) the aetive electrode consists of a uterine 
soimd of platinum introduced into the cavity of the uterus or 
the eervical canal. In hnth cases the indifferent electrode was 
formed of a cake of clay applied to the abdomen. Compresses 
of surgeon's gauze serve e<jually well. The duration of each 
srance was o minutes daily for vaginal apjdications and every 
2 days in intra-nt<rine cases. Tht^ smallest dose varied from 
10 to 2') milliam])eres, l.SfX") to 2,500 periods per minute. The 
least voltage was from U) to 25. In ordinary cases, according 
to Apostoli, the indications are generally the same as for the 
galvanoeaustic — the positive for non-congestive and the nega- 
tiv<' for congestiv(» cases. The aj^plications were always well 
borne, and they prove that women prefer the un<Iulating 
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current to the galvanocaustic and faradic. This current may be 
regarded then as another remedy in tlie conservative treatment 
of uterine diseases. 

120. Galvanoslnusoldal Current. — When for any 
reason it is desirable to increase the amperage of the sinusoidal 
current, this may be accomi)Hshed by connecting the negative 
pole of the galvanic with one pole of the sinusoidal apparatus; 
the rheophores leading to the patient are attached to the other 
two poles. Tlie wave-form of the galvanosinusoidal current 
is illustrated in Fig. 22. The magnetic field of the various 
sinusoidal apparatus is produced either by permanent magnets 
or electromagnets. When the magnetic field is j)roduced by a 
permanent magnet, the galvanic current should not be combined 
with the sinusoidal, because the permanent magnets are demag- 
netized by the direct current. It is necessary, tlierefore, in 
combining these two currents to have the magnetic field 
produced by an electromagnet. In using the galvanic current 
combined with either the faradic or sinusoidal it is important 
to convince oneself that both currents are in reality acting 
within the tissues. 

Concerning the action of the faradic or sinusoidal current in 
these combinations there is no doubt; the muscular contraction 
produced by them is evidence of their action. The galvanic 
current, however, is silent in its cataphoric and electrolytic 
effects. That it produces its well-known effects in these combi- 
nations may be demonstrated as follows: Take a hard-boiled 
egg, with the shell off, and plunge into it two pieces of copper 
wire that are attached to the tips of the conducting-cords of 
the galvanofaradic or the galvanosinusoidal current. On the 
galvanic side use 20 milliami)eres without any interrui)tions. 
In the course of 3 or 4 minutes at the negative pole the electro- 
lytic action has already softened the egg around the copper 
wire, which is falling out of its own weight. At the same time 
at the positive pole will be seen the familiar green oxyclilorid 
of copper and the wire is adherent to the substance of the egg. 
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HYDRO-ELECTRIC METHODS. 



ELECTRIC BATH. 



INTRODUCnOir. 

mi. Water as au Electrode. — Devices that serve as an 
iiueriiievliary iK-tween an electric source and the human body in 
Mi{>{>iyin^ the nece^^sary contact surfaces and possessing the 
fiiiuireil comluctivo projKTlies are called electrodes. Ordinary 
water at a temperature of \^S^ possesses the required conductive 
properties!, and as water adapts itself to all the contours of the 
IhhIv. whether on tin* surface of the body or in the cavities of 
iiji interior, it niu^Jt l>e regarded as the ideal electrode. From 
the experinunts of HordiiT, Art. 71, we learn that electrodes 
of very hiirh resistance, as dry sponge or dry chamois, and 
eleeirodes of verv low resistance, as metallic electrodes, behave 
in about the same manner, and that they cause very painful 
etTtvt8 before the current-intensitv is sufficient to cause mus- 
eular contraetion. Hordier has demonstrated that the sensory 
elTeets are least when tlie conductivity of the electrode is that of 
ordinary water at a tt^mperaturo of 98°. When the conduc- 
tivity of the ehrtrode is increased beyond that of ordinary 
water at a teni[>erature of 1)8°, as is the case when sodium 
ehlorid is added, the sensorv effects with the same current- 
strength are mueh more marked. If, on the other hand, the 
conductivitv of tlie electrode is less than that of water at a 
temperature of 0S°, as when alcohol is added to the water, the 
sensorv effects are also increased. It is therefore evident that 
in order to employ the higher eurrent-intensities with a 
minimum of sensory efTects, ordinary water at a temperature 
of 1)S° is the proper electrode to select. This adaptability oi 
water to the scientific retjuirementsof electrodes, both as regards 
their conductivity and their capacity to make close contact with 
body surface, whether external or internal, gives to hydro- 
elect rh^ methods, whether local or general, internal or 
external, therapeutic value of the first order. 
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In the general electric bath, as ordinarily employed, part of 
the current goes through the patient immersed in the water, the 
other part passes through the water from electrode to electrode, 
and therefore has no therapeutic value. The percentage of 
current that actually traverses the tissues of the patient will be 
governed in each case by the relative conductivity of the 
patient's tissues and that of the water in which he is immersed. 
The conditions are changed when the current is applied to the 
patient by means of local baths, as in the 4-cell hath of Doctor 
Schn^e, Fig. 37. In this case disrobing is not necessary and 
the entire current must traverse the patient's tissues, as there is 
no other conducting medium. 

122. The hydro-electric bath may be applied to individual 
parts of the body, as to an arm or a leg, in which case the 
indifferent electrode is placed on the back below the neck when 
the arm is in the bath, and to the lumbosacral region when the 
leg is in the bath. The arms may be placed in separate baths, 
in which case the entire current passes from one arm through 
the body to the other. The legs up to the knees may be 
inserted in separate baths, in which case the current passes 
from one leg to the other through the pelvis. These different 
hydro-electric methods have a wide range of therapeutic indica- 
tions and deserve the most careful study. Where both feet are 
placed in the same bath-electrode, if sodium chlorid or sodium 
bicarbonate are added to the water the entire current will 
traverse the water and the tissues of the patient will not bo 
aiTected. In this case it will be necessary to reduce the conduc- 
tivity of the water as much as possible so that the path of least 
resistance will be through the parts of the body immersed in 
the bath. We recommend that experiments be made witli the 
diiTerent bath-electrodes so that their value in therapeutics may 
be properly appreciated. 

123. After stiitic methods, as a means of general electri- 
fication, the electric bath stands first in importance. No 
one today questions its powerful, invigorating, and refresh- 
ing action; but to administer it with benefit and witiiout 
danger, the electric conditions must be carefully studied ami 
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tlKiniiinlily HiKlerstood. Centuries ago, animal electricity was 
iitilizeil in tliis innniier to combat the evil cffecta of rheuma- 
tism, scrofula, and various cachexia;. Time has only served 
to increase confidence in its curative powers, and each suc- 
ceeding year witnesses some new extension in the field of its 
practical utility. With a few elementary principles well fixed 
in-tho mind, with a dear knowledge of the physiological action 
of tin- different I'urrents on the human system, with the electri- 
cal condilionp thonnighly mastered, nothing can be more con- 
venient and fnie from contre temps than the administration of an 
electric l)ath. 

The first points to study are the structure of the bath and 
the means of charging its contents with electricity. The )>eBt 




materials for constrncting a bath for electric purposes are 
wood and jjurcelain — ixirct'Iain is for various reasona to be 
liri'ferred. If made of nielal, the eieetrii'ity will travel along 
tlie ineluj, instead of through Ihc patient and thmugh the water. _ 
For l]\<: sniue rcaw))i, the fewer electrodes altailied to the bath 
the bi'ttiT, beciuise they simply serve to attract the current from 
the iialient. The batii must be effectively insnlaled; it must 
not be in nietalJic connection with the earth. The waste-pipe 
can be eonneclod to the bath by 4 or ■'> inches ot robber tubing. 
The taucetfi supplying hot and cold water an; not directly 
connected with the bath, and may be placed 4 or 5 inches 
above its mat^in. 
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124. Ipsulation. — With a current of moderate amperage 
and low E. M. F., insulation is not necessary. When, how- 
ever, one desires to make use of all the therapeutic properties 
of the electric bath, insulation becomes a necessity. Com- 
plete insulation is not only possible but very easily attained. 
The porcelain bath is placed on four insulating supports. 
These may be made of either glass or vulcanite. The faucets 
for hot and cold water must have no connection with the bath, 
and are placed 4 or 5 inches above its margin. The bath is 
emptied into a supplementary sink, which is placed close by. 
A bath thus constructed and located is in no danger of estab- 
lishing electrical connection with the earth. Fig. 41 illustrates 
this form of bath. For descriptioi> see Accenmry Apparatus. 



MOXOPOLAR ANU.DIPOLAK BATUS. 

125. Tlie Monopolar Bath. — Electric baths are of two 
kinds, viz. , monopolar and dipolar. In the monopolar bath, 
one electrode is applied to the nape of the neck or to the arm 
or to some part of the body out of the water. The water of the 
bath constitutes the other electrode, and very accurately adapts 
itself to all parts of tlie submerged body. If the electrode applied 
to the body outside of the water is made positive, the current 
will then flow from the electrode into the body. It is therefore 
evident that in the monopolar bath the whole current employed 
must pass into the body. The copper electrode, to which a 
stout rheophore is attached and placed at the foot of the bath, 
completes the circuit. The whole current difTuses into the 
water from all parts of the body, to be again concentrated in 
the foot-electrode, whence it flows to the negative binding-post. 
•The disadvantage of this form of bath is that only moderate 
currents can be employed, as the electrode apj>lied outside of 
the water is, of necessity, small. If the current is strong and 
too concentrated, it will cause pain and jjroduce destructive 
local electrolytic action. 

126. The Dipolar liath. — The dipolar bath is the one 
habitually used in j)ractice. It must be completely insulated, 
and is Bupplied with two electrodes, preferably of aluminum. 
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It is useless to plate the electrodes for purposes of appearance, 
because the current will quickly transfer the plating from the 
positive to the negative electrode. The electrode at the head 
of the bath is usually the larger, and measures 18 in. X 12 in. 
The electrode at the foot of the bath measures 11 in. X 9 in. 
The shoulders of the patient must be protected from contact 
with the head-electrode, in order to prevent burning and 
pain. This is accomplished by placing a wooden framework 
between the shoulders and the electrode. The wooden 
framework is illustrated in Fig. 41. The soles of the feet, on 
account of their poor conductivity, may be placed against the 
foot-electrode. 

Another subdivision of electrical baths is made by the 
physical qualities of the current employed. The electrical bath 
may l)e of tlie continuous-current type or it may be the alter- 
nating; if alternating, it is either a symmetrical or a dissym- 
metrical current. The dissvm metrical current is obtained from 
the medical faradic battery. The symmetrical, or sinusoidal, 
current is obtained from a therapeutic alternator. The direct 
current may be obtained from a medical galvanic battery or 
from a light circuit, the latter being the more convenient of the 
two. The direct current may be interrupted at the will of the 
physician. In employing either the direct or the alternating 
current, a good rheostat should be in circuit, so that the current 
can he under the control of the physician. By means of the 
rheostat, the current can be gradually turned- on, and when the 
seance is completed, can be turned off with the same care. 

1 27. Function of the Rheostat. — The rheostat protects 
the patient against any shock that might be caused by turning 
the current on or oil too quickly. It further enables the 
j)hysician to control the sensation produced by the current, 
whether direct or alternating. In using the galvanic current, 
a milliannneter and a rheostat are both necessarv, and should 
he ein|)loyed in every administration of the galvanic bath. 
It is always important to turn the current on slowly, and 
carefully observe the effects produced on the parent. During 
the entire administration of an electric bath, the physician 
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should be in the room, and carefully note the effects produced 
on the nervous and circulatory systems. The pulse and 
respiration should be counted and carefully watched during 
the administration. 

128. Available Current. — A question that continually 
presents itself, and which is of great importance, is What part 
of the total current passing through the water of the bath passes 
through the patient? This question, which has been very 
carefully and minutely examined by Hedley, Jones, Meylan, 
and others, is best studied by regarding the patient and the 
water as parallel branches of a divided circuit. Looking at 
the question in this way, it will be easily understood that the 
fraction of the total current passing through the patient will 
depend on the relative resistances of the patient and the water; 
ordinarily about 25 per cent. Thus, if the milliammeter regis- 
ters 150 milliamperes, the patient is subjected to a current of 
about 37 milliamperes. Steavenson and Jones give about 
20 per cent, of the total current as the amount passing through 
the patient. It may again be repeated that the current should 
always be gradually turned on by tlie physician himself, and 
the effects produced on the patient carefully observed. Both 
electrodes should be covered by the water in the bath, and the 
whole of the patient's body, with the exception of his head, is 
also completely immersed in the water. 

129. Temperature. — The temperature of the water is 
also a question of importance, as the higher the temj)erature the 
better is its conducting capacity. The more current passing 
through the water, the less will pass through the body. When 
the physician can command any current-strength desired, the 
temperature of the water makes little diflFerenee, l)ecause it is 
only necessary to increase the strength of tlie total current to 
obtain the required current for the body. The usual tempera- 
ture of the bath is about 98° F. It is, however, regulated to 
suit the conditions of the patient. Tlie custom of adding salts 
or acids to electric baths is to be condemned, particularly when 
the physician is using a current from Leclanche cells. The 
salts and acids increase the conducting capacity of the water 
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and lessen the current-Btrongth paaeing through the patienL 
Further, allowing for the therapeutic action of the electric 
current, lliu efTcct of ncids and salts in baths is extremely 
I»robleniatical. The usual lule of not taking a bath immediately 
after a full meal holds also in the case of electric batl)8. The 
effects produced by an electric bath are usually exhilarating and 
refreshing. The patient feels invigorated after the bath, and 
there is no tendency to lake cold. 

130. Current- Density. — On account of the large eeo- 
tional area uf the composite conductor in the case of on electric 
bath, and further, <m account of the dif- 
fereiictt of resistance between the water and 
the patient, current- density assumes special 
iuil>i>r[anL'0 in the administration of electric 
baths. Of course, current- density is just as 
imporliuit in oilier electrical applications as 
it is in the electric hath, hut the prejudice 
existing against eliK.'tric Imtliei makes it nec*6- 
sary to state plainly and squarely everytliing 
connected with them. The electric current 
llowint; tjirou^li water in a hath or through 
the human boily between the electrodes or 
along the uielallic conductor or in any circuit 
has been very aptly coiuparetl to a girl's hair, 
"which may he gathered up into a narrow 
tretis or alloived to flow h)osely, without 
changing the nuniher of the eimstituent 
piirbi. " WlietJier llowing loosely or gathered "•'■ ^ 

into a narrow tress, the number of hairs remains the same. In 
the same way, llio electric current may he c()nceive<l to be com- 
pose<l of anunjiier <if lines, which arc near together or far apart, 
according to the current-strength and the secticmal area of the 
conductor tbmugh which it is jiassing. The number of Hues of 
cun-e I it- strength remains the same whether the current is flowing 
throiigh a narrow neivc or a piece of mus<:lc of large sectional 
an'a. This is very cleariy illustrated in Kig. 42. 
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THE ELECTRIC DOUCHE. 

131. Method of Procedure. — In giving an electric 
douche, the indifferent electrode is placed under the patient's 
feet, or, if it is desired that the patient be seated, a gluteal 
electrode is used. The water coming from the rose, or nozzle, 
constitutes the other electrode, or the active electrode. This is 
in many cases a very agreeable and very efficient method of 
electric treatment. One terminal of the battery is connected 
with the electrode beneath the feet, and the other is attached to 
the insulated metal terminal of the nozzle, or rose. The electric 
douche combines the therapeutic properties of the hydriatic 
douche with those of general and local electrization. The 
treatment given with any form of current may be either local 
or general. The water coming from the nozzle renders the skin 
a better conductor of electricity, and at the same time increases 
cutaneous irritability, rendering the stimulating action of 
electricity on the perii)hery stronger and more effective. The 
induction-coil currents are very readily applied by means of the 
douche, and a current-strength perceptible to the patient is 
easily obtained. With on(» electrode placed under the feet or 
under the gluteal region, and connected with one binding-post 
of the battery or source of sui)ply used, and the other electrode, 
which in this case is the unbroken stream of water, connected 
with the other binding-post of the source of supply, the electric 
current passes through the water-electrode to the patient's body. 
The metallic nozzle, or rose, is insulated, and is not brought in 
contact with the patient's body. The unbroken stream or 
streams of water form part of the conducting circuit, and convey 
the electric current to or from the patient's body. In this 
way the electric douche differs materially from the electric vapor 
or the electric hot-air bath. In these hist two electric methods, 
two electrodes are brought into direct contact with the patient's 
body. The hot air or vapor do not convey the electric current 
to the body; they both cause perspiration and heat the skin, 
and in this way facilitate the action of the electric currents. 
The indifferent electrode is placed under the patient's feet, 
and the active electrode on any part of the body the physician 



114 TECHNIQUE AND PHYSIOLOGY §7 

desireB to treat. Two covered metallic electrodes are used in 
the electric hot-air and vapor bath. 

132. That water conducts electricity is a well-known fact. 
The douche may be electrized and the current conveyed to the 
patient as long as the stream of water remains unbroken. The 
douche may be composed of a single unbroken stream of 
water, or a number of streams may be projected from a rose; 
but an unbroken stream of water and high E. M. F. are neces- 
sary in this method of electrical application. In the elec- 
tric bath no effort is made to increase the conductivity of the 
water; in fact, it is often a distinct advantage to diminish 
the conductive capacity of the water, in order to increase the 
current- strength passing through the patient; but with the 
electric douche, the aim is to bring all the current one can to 
the patient's body. The stream of water forming the douche is 
part of the electric current, and it should be made as good a 
conductor as possible. This can be done by elevating its tern- 
perature, and by the addition of some salt or acid. The nozzle, 
or rose, is held at a distance from the body, which permits the 
water-pressure to deliver to the patient an unbroken stream. 



HOT-AIR AND VAl»OR BATH. 

133. The electric hot-air and vapor bath, combine 
the effects produced by Turkish and Russian baths with 
the known therapeutic qualities of the current of electricity 
employed. The vapor-bath produces copious perspiration; the 
surface of the body is bathed in moisture and sweat, all the 
glands of the skin are stimulated to increased action, there is 
marked cutaneous hyperemia, and the body is rendered a very 
active electrolyte. The electric vapor-bath is given at a temper- 
ature varying from 90° to 105° F. The hot-air bath is well 
borne at a much higher temperature, varying from 100° to 
120° F. 

134. Summarj- of Ilydro-Blectrlc Methods. — The 

hydro-electric methods thus far studied are three, namely: 

1. The Electric Bath^ Monopolar and Dipolar. — Either of 
these is again subdivided by the physical qualities of the current 
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employed. The currents employed are the galvanic current, 
which may be continuous or interrupted, and the induced cur- 
rent, which may be symmetrical or dissymmetrical. The sym- 
metrical, or sinusoidal, current has invaded, within recent years, 
those domains of pathology that were once regarded as the exclu- 
sive field for the employment of the direct galvanic current. 

2. The Electric Douche and Spray. — In this form of treatment, 
the stream or streams of water constitutes the active electrode and 
conveys the electric current to the patient. It is a form of treat- 
ment adapted to a large number of pathological conditions, on 
account of the active manner in which it produces peripheral 
stimulation. The douche alone has long been recognized as an 
efficient tonic, alterative, and absorbent. These valuable thera- 
peutic properties are simply augmented in efficacy by the 
judicious selection or combination with electric currents. 

3. The Electric Hot- Air and Vajwr Bath. — From these two 
methods of applying electricity, the therapeutic effects of 
Russian and Turkish baths are added to the physiological 
properties of the various currents acting under the best con- 
ditions for their administration. Hot air and vapor do not 
conduct electric currents, but they do diminish cutaneous resist- 
ance and facilitate the penetration of electric currents into the 
body. Besides the effects produced by the electric currents 
used, the patient receives the benefit of the hydriatic and ther- 
mal properties of Turkish and Russian baths. 

135. Treatment ot Cavities. — Another method of 
hydro-electric treatment, which has been introduced into 
electrotherapeutics within recent years by Boudet, of Paris, 
has given to the physician a much needed means of combating 
and curing certain common and obstinate maladies. By this 
method is meant the hydro- electric douche applied to the 
mucous cavities and the mucous amals of the body. This 
method of treatment was quickly utilized in this country, and 
much of the knowledge of its therapeutic capabilities is due to 
the labor and writings of Dr. M. Cleaves. The dangers and 
difficulties of applying strong galvanic currents to mucous 
canals and cavities prevented the use of currents of sufficient 
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strength to obtain desired results. These dangers and diffi- 
culties are now obviated by the use of special electrodes 
completely insulated and perforated to allow the passage 
through them of a current of water. The electrodes used 
simply convey the water and electricity; the water wiUiin 
the canal or cavity constitutes the true electrode. By means 
of a special electrode, illustrated in Fig. 43, direct galvanic 




FlO. 43. 
Rectal Electrode. 

currents of 20 or 30 niilliamperes can be employed within 
the rectum without any danger of destructive electrolytic 
action. The eledrode is inserted well within the bowels, 
and the water allowed to flow until the rectum becomes 
filled. The electric current is turned on simultaneously with 
the flow of water. The water in the bowels constitute the 
electrode, and diffuses the current to all parts of the rectum. 
This powerfully stinjulates the peristaltic action of the" intes- 
tines, and is one of the most eilicient means of treating chronic 
constipation and the various affections involving the mucous 
and muscular layers of the large and small intestines. Alter- 
nating currents cause non-striated muscle- fibers to contract 
when they are not pathologically altered. It has been proved 
by direct experiment that non-striated muscle- fibers, when in a 
paretic condition, such as obtains in intestinal obstruction, 
respond little if at all to alternating currents, while vigorous 
contraction can be j)roduced by the galvanic current or the 
galvano faradic. Celiotomy should never be performed for 
intestinal obstruction until the physician has made at least 
two thorough trials, separated by an interval of 3 or 4 hours, 
of the direct galvanic current a])plied by a specfal rectal elec- 
trode. During each seance two or three voltaic alternatives 
should be practiced. Cases have been reported by well-known 
observers where surgeons were ready to open the abdomen for 
intestinal obstruction, in which one seance of galvanization. 
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applied as directed above, with a few voltaic alternatives, pro- 
duced in a short time a copious fecal evacuation. The rationale 
of the galvanic current in effecting a cure in these often deplor- 
able cases is easily comprehended, and in presence of a case of 
intestinal obstruction should never be forgotten. 

136. Treatment of the Rectal Mucosa. — Inflamma- 
tion and ulceration of the rectal mucosa are simply and speedily 
cured by the hydro-electric douche. The electrode used is very 
simple, and the technique easily carried out in the physician's 
office, when a toilet- room is within convenient distance. If the 
hydro-electric douche had no other use than in the treatment of 
chronic constipation, its technique should be familiar to every 




Fig. 44. 
Vaginal Electrode. 

physician. Cases of constipation, due to atony of the bowels 
and diminished p:landular secretion, are more speedily and 
scientifically cured l)y tl)e hydro-electric douche than by any 
other known remedial agent. To the water used it is always 
necessary to add 1 per cent, of common salt. Medicated 
solutions of copper, zinc, or silver may also be emj)loyed in 
this manner. These various salts in solution are driven into the 
mucosa by the cataphoric action of the constant current. In 
the accompanying illustration, Fig. 44, is shown a vaginal elec- 
trode invented by Dr. M. Cleaves, and which is much used in 
treating pathological conditions of the vagina, uterus, and other 
pelvic organs. The electrode, through a canal in the center, 
conveys the water and also the electric curnMit. Th(^ vulcanized 
disk prevents the esca})e of water until the vagina is comi)letely 
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distended. A current of from 20 to 40 niilliampeTes is gener- 
ally used. It is easily seen that, with the vagina well distended, 
the electric current comes in contact with the entire vaginal 
mucosa and diffuses itself through all the pelric organs, healthy 
or diseased. The vaginal electric douche is of real value in the 
treatment of vat^inal, utcrini', ami ovarian troubles. The treat- 



^ 



ment causes no pain, and is rather agreealjle itian otherwise. 
Of course, the current must he gradually turned on through a 
rheostat and turned off with the same care. It constitutes a 
Boitt means of beginning electric treatment in the gynecological 
diseases of debilitated and nervous patients. Inflammatory 
affections of the uterine canal, ulceration of the os tincae, 
relaxed vaginal walls, and weakened pelvic structures in 
general, are very conveniently treated by the vaginal electric 
douche. The temperature of the douche is r^ulated to suit 
the sensations of the patient. 

137. Interior of the Bladder. — The accompanying illus- 
trations, Figs. 4-5 and 46, show electrodes for administering the 
galvanic current to the interior of tlie bladder. Fin. 45 is for the 






male bladder, and Fig. 46 for the female bladder. For a long 
time the induced current has proved itself a valuable agent in 
treating paretic and nervous affections of the bladder, hut it is 
only lately that the galvanic current could be employed in 
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sufficient strength to be efficacious. From 20 to 30 milli- 
amperes are used in the interior of the bladder. Very good 
results are obtained in chronic inflammatory conditions, with 
thickening of the mucous lining, accompanied by glandular 
atrophy. Vesical weakness and atrophy are much benefited by 
the direct current applied by means of the vesical douche. 




Fio. 47. 
Nasal and Aural Electrode. 

Catarrhal diseases of the nose and nasopharynx are much 
relieved or entirely cured by the electric douche. In atrophic 
nasal catarrh, the diseased glands are soon modified in their 
function, and the nutrition of the mucous membrane is improved 
by each treatment. It is found serviceable, in catarrhal troubles 
of the nose, to add various medicaments to the water used. 
Among these, cupric sulfate is perhaps the best. Cases of 
atrophic catarrh of nose and throat have been reported cured, 
with complete return of the sensation of smell. For treating 




Fio. 4«. 
Poft-ynsaL 

nasal and aural affections, the electrodes illustrated in Figs. 47 
and 48 are used. The conducting material of the electrode is 
metal, well insulated with gutta-percha. From 3 to 10 milli- 
amperes are used, and the soance lasts long enough to pass 
about 3 pints of water through the nasal cavities. 



120 TECHNIQUE AND PHYSIOLOGY §7 



PHYSIOLOGICAL. EFFECT OF ELECTRIC BATHS. 

138. Tlie Water-Bath. — Any study of the properties of 
electric baths involves a sharp distinction between the purely 
thermal and hydriatic effects produced and those properly 
belonging to the special form of current that the physician may 
see fit to use. The water-bath, at a temperature ranging 
from 95° to 106° F. , increases the circulation and retards tissue 
metamorphosis. It is calming in all febrile conditions, and 
produces sedation in irritable constitutions when all symptoms 
of fever are absent. An increased amount of blood is brought 
to the surface of the body; internal organs are relieved of con- 
gestion, and are permitted to perform their functions under more 
nearly normal conditions. The cutaneous glands are slightly 
stimulated, and eliminate from the system increased quantities 
of effete material. The action of the hot-air, or Turkish, bath 
and the vapor, or Russian, bath is much more emphatic, and 
has' a wide field of utility in various morbid processes. 

139. Effect of Electric Baths. — The physiological effect 
of the electric bath may be summed up as follows: Respiration 
is diminished by dipolar; the temperature is slightly lowered 
by monopolar; metabolism is promoted considerably by 
dipolar, slightly by monopolar; and the secretion of urine is 
increased. The appetite and digestion are improved, the 
genital functions are stimulated, circulation and nutrition are 
benefited, sleep is notably restored, and new vigor is imparted 
to the mental and physical faculties. In short, the electric, 
and especially the alternating, bath is credited by all with 
a powerful, invigorating, and refreshing action on the human 
frame. When a course of baths is given for tonic effects, the 
interrupted currents will give the best results. If cataphoric 
and electrolytic effects are desired, the continuous-current 
bath is used. 

140. Gout, rheumatism, lumbagro, and sciatica have 

been successfully treated by both currents. If the alterna- 
ting current causes pain, the direct current should be employed. 
In disorders of the circulation, among which Baynand's 
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disease may be mentioned, the electric bath, local or general, 
is the best known treatment. Weak currents are used to 
build up the nutrition of the parts diseased. Good results 
are obtained in Raynaud's disease, even after gangrene has 
supervened. The negative pole is applied over the diseased 
area, and the positive pole on the lumbosacral region. The 
object of treatment is to increase the circulation in the dis- 
eased member. Weak galvanic currents serve the purpose 
best In the local form of bath, the hand or foot affected 
is placed in a mild saline solution, which then becomes the 
active electrode, the indifferent electrode being placed on the 
spine. The galvanic current promotes absorption, accelerates 
the sluggish circulation, and increases the nutrition of the 
diseased member. The same results are accomplished in the 
general electric bath. 

141. Rickets. — Very good results have been reported 
from Italy by Sagretti and Tederchi in the treatment of rickets 
by the electric bath. They ascribe the rationale of the treat- 
ment to the nutritive effects of the bath. Steavenson and 
Jones have also obtained striking results in the treatment of 
the same disease. After a few applications the general appear- 
ance of the patients is changed for the better: appetite and 
digestion improve, and the little invalids, from a condition 
almost bordering on spinal paralysis, regain rapidly the power 
of locomotion. 

142. Anemia and Clilorosis. — The electric bath will 
often render good service as a general tonic and sedative in the 
course of treatment of anemia and clilorosis. True, these 
diseases are most conveniently treated by iron, arsenic, and 
purgatives, but it is well to know that the action of these 
valuable agents may be rendered more effective by the judicious 
use of electric ])ath8. 

143. I>cmedicatlon. — The direct current has been used 
in bath form in the treatment of gout in the belief that biurate of 
sodium, through electrolytic action, was removed from the body. 
During the paissage of every galvanic current through the 
tissues there is always electrolytic action, but this does not 
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signify that biurate of sodium is eliminated from the body. In 
gout, the direct current does good by building up the tissues 
and increasing the tone of the nervous system. The alternating 
current acts as a general tonic. The direct-current bath has 
been used to remove mercury, lead, and silver from tissues 
impregnated with them, but with no success. Althaus reports 
a case of argyria in which electric baths were persevered in 
for some time with absolutelv no results on the stained tissues. 
Mercury has been found on the negative electrode of the bath 
when treating patients that had just gone through a course of 
mercurial inunctions for syphilis. It is most likely that the 
mercury came from the surface pi the patient's body. 

The subject of demedication has not received much scientific 
attention since the comnmnication of Poey to the French 
Academy in 1855. No practical results have been obtained 
since this date, and the (juestion is still sub judice. 

144. Medicated Solutions. — If it has not been possible 
to remove various medicaments from the body b}' the cataphoric 
action of the direct current, medicines dissolved in a bath have 
been made to penetrate into the system, where they exercised 
their therapeutic qualities. Syphilis, gout, and other maladies 
have been treated and benefited in this manner. Chronic 
rheumatism, rheumatoid arthritis, gout, and diabetes are four 
diseases for which a judicious selection of currents and proper 
attention to detail in a course of electric baths will accomplish 
more than massage, medicaments, change of climate, or all of 
them combined. When the joints are painful and swollen, the 
galvanic current is the one indicated. As a general tonic to pro- 
mote elimination and give tone to the nervous and muscular 
systems, the interrupted-current bath is the best. The electric 
vapor-bath is indicated in plethoric subjects, where elimination 
of efifete material requires special attention. On account of its 
tonic and invigorating i)r(>perties, the interrupted current should 
be administered with the vnpor-bath. 

145. Syiumetrical Alternating Current. — The sym- 
metrical alternating current emph>yed in the bath has given 
very good results . in various diseases treated by Gautier 
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and Larat. Among the diseases treated by them were 
^^lymphatism,'' obesity, eczema, and diabetes. As might be 
expected, the hydriatic and electric properties of the bath 
are much used in the treatment of diseases of the nervous 
system. Neurasthenia will yield to a course'of electric baths, 
when central galvanism and static methods have failed. 
Diphtheritic and other forms of toxic neuritis are conve- 
niently and efTectively treated in the electric bath. Weak 
mental states following exhaustive maladies from any cause, 
such as influenza, typhoid, and malarial fevers, begin to 
improve after the second or third application. 

146. Summary. — In summing up, it may be said that 
the electric bath, water, vapor, or hot air, finds its greatest field 
of usefulness in depressed and irritable conditions of the 
nervous system and in diseases characterized by perverted 
nutrition. Chronic rheumatism, rheumatoid arthritis, and 
diabetes are common diseases in the treatment of which 
electricity is worth more than all other remedies combined. 
Among the difTerent methods of applying the various currents 
in the treatment of those diseases, it is not easy to assign a 
fixed place to the electric bath. The physician, to obtain the 
best results, must have a clear conception of the properties of 
the water- bath, the hot-air bath, and the vapor- bath. With 
these properties well fixed in his mind, the further treatment of 
the case calls for a judicious selection of the form of electricity 
required to combat the symptoms of the disease to be treated. 
In the treatment of these diseases, whose march under the 
usual ftiedicinal and mechanical treatment is steadily forwards, 
galvanization, local or general, is frequently needed. Static 
methods render valuable service, and have a wider range of use 
than all other methods combined. In its turn, faradiza- 
tion, local and general, meets special indications, and will be 
employed by the physician when its known therapeutic 
properties are required. 

147. Change of air, massage, tonics, alkalis, salicjdates, 
and dietetic treatment are all fnithfully tried by the i)hysician in 
the treatment of these chronic and painful diseases. In chronic 
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rheumatism and rheumatoid arthritis, after carefully applying 
the above-mentioned methods of treatment, the physician 
usually has, for all his trouble, a patient very much deformed, 
full of aches and pains, with little or no hope of ultimate 
recovery. It is conservative and within clinical testimony to 
state that the result in these cases would be diametrically 
opposite had electricity been properly used in the beginning, 
and its use continued until the body gave every evidence of 
healthy junctions. No one form of electricity will carry the 
patient all through the treatment of either chronic rheumatism 
or rheumatoid arthritis. The direct and alternating currents 
applied locally to combat special manifestations or generally to 
affect the entire system will also be found useful. Static 
methods cover a wide range of indications. Direct and alter- 
nating currents may be applied to the lx)dy either by the 
ordinary electrodes or by the water- bath. 
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A SERIES OF QUESTIONS 

Relatincs to the Subjects 
Treated of in This Volume. 



It will be noticed that the questions contained in the follow 
ing pag^s are divided into sections corresponding to the sections 
of the text of the preceding pages, so that each section has a 
headline that is the same as the headline of the section to 
which the questions refer. No attempt should be made to 
answer any of the questions until the corresponding part of the 
text has been carefully studied. 



Technique and Physiology of Static 



AND 



Other High-Frequency Currents. 



EXAMINATION QUESTIONS. 

(1) What purposes does a static machine serve in a 
physician's office? 

(2) On what does the electrical output of a static machine 
depend? 

(3) Describe the method of grounding the prime conductors 
and various electrodes. 

(4) At what distance from the machine and other objects in 
the room should the insulating platform be placed? 

(6) Describe the method of conducting static currents 
directly from the machine to the patient. 

(6) How is leakage between the prime conductor and 
patient detected? 

(7) To whom is the modem revival of static currents due? 

(8) When were static currents first described and what 
static methods were employed before that time? 

(9) Why are potential alternation and the wave-current 
called direct interrupted currents? 

(10) How are the plates of a static machine best kept dry? 
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(11) Describe the static platform. 

(12) How is the polarity of the static machine recognized? 

(13) Describe the methods of correcting reversed polarity. 

(14) How would you verify the fact that the patient should 
be insulated in static applications? 

(16) State some advantages of static applications over those 
made by the galvanic and faradic currents 

(16) Describe the technique for (a) simple positive electrifi- 
cation; (6) simple negative electrification. 

(17) Describe the different methods of interrupting the 
current between the patient and prime conductor. 

(18) Describe the technique for exercising the muscles of 
the arm and forearm by potential alternation. 

(19) In simple electrification, before starting the plates to 
revolve, what should be the relative position of the discharge 
rods? 

(20) In the wave-current and in the indirect Franklinic 
interrupted current, before the plates are set in motion, what 
should be the relative position of the discharge rods? 

(21) How many methods are there for administering the 
indirect Franklinic interrupted current? 

(22) State (a) the local static methods in the order of their 
therapeutic importance; (6) the methods of administering each. 

(23) Describe the physiological efiFects of general electrifi- 
cation. 

(24) What are the principal points to be observed in the 
administration of the negative breeze? 

(25) What is the difference between the breeze and spray 
and what property has the static spark that the breeze and spray 
have not? 
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(26) How many kinds of sparks are there and what are 
their relative lengths ? 

(27) Describe the physiological effects of breeze and spray. 

(28) To make frictional sparks more agreeable, how would 
you proceed? 

(29) What precautions should be taken in spark administra- 
tion and what general rule governs spark applications? 

(30) Describe the physiological effects of (a) percussive 
sparks; (6) frictional sparks. 

(31) On what does the energy of muscular contractions 
produced by static sparks depend? 

(32) Describe the methods of using the static cage. 

(33) Describe the technique of massage-roller applications. 

(34) What is the chief character of spark-gap or Morton 
currents? 

(35) How is the strength of the indirect Franklinic inter- 
rupted current regulated ? 

(36) Describe the method of interrupting the current in 
(a) potential alternation; (6) the wave-current. 

(37) Describe the physiological effects of the wave-current. 

(38) On what does the maximum spark- length in the wave- 
current administration depend? 

(39) What is the chief physical property of static electricity? 

(40) How is the dosage in static applications regulated? 

(41) How is the mildest breeze, spray, or spark administered? 

(42) State the essential factors in the regulation of static 
dosage. 

(43) What can you say about the frequency and duration 
of static applications? 
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(44) What does every installation for the generation of 
Tesla-d' Arson val currents comprise? 

(45) Describe the three methods used for the general appli- 
cation of Tesla-d' Arson val currents. 

(46) Describe (a) the general effects of Tesla-d' Arson val 
currents; (&) the local effects of these currents. 

(47) What can you say about the therapeutic indications 
of these currents? 

(48) How is the energy of static applications (a) increased? 
(6) decreased? 



TECHNIQUE AND PHYSIOLOGY 
OF DIRECT CURRENTS. 



EXAMINATION QUESTIONS. 

(1) What two facts do we inherit from the controversy 
between Galvani and Volta? 

(2) To what did Matteucci attribute muscle- and nerve- 
currents? 

(3) How are the electric currents in nerves, muscles, and 
glands classified? 

(4) What two important factors should be considered in the 
application of electric currents to the human body? 

(5) On what does the resistance of the body, as a whole, 
depend? 

(6) On what does the resistance of the individual tissues 
of the body depend? 

(7) How did Matteucci demonstrate the conductivity of the 
different organic tissues? 

(8) Give some instances in which the resistances of indi- 
vidual tissues are of great importance in therai)eutic applications. 

(9) State two important (luestions in the applicjition of 
electric currents in medicine and surgery. 

(10) In what part of the patient's circuit does the electric 
current encounter the most resistance? 

16 
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(llj Hov 1DXJ the effects prodoccd in the b<Mlr bv the 
paflMge through it of m direct cament be clasificd? 



(12) How are the phTaologic&l effects of direct corrmts 
beat studied? 

(13) On what do the effects prodoccd on motor nerreB and 
mnflclefl bj variationa of cmrcnt-denaitT depend? 

(14) Define (a) electrotonns : (6)catelectrotonos ; (c) anelec- 
trotonDB. 



(15) When 18 a nerve said to be stimulated? 

(16) Why arc motor-nenre reactions more complicated in 
man than in the exposed nerve of a fn^? 

(17) State the normal polar formula and the number of 
milliamperes required to produce minimum opening and closing 
contractions. 

(18) What is the normal polar formula for the auditory 
nerve? 

(19) What justifies a favorable prognoeis in the use of 
electric currents in tinnitus aurium? 

(20) Describe the vasomotor effects produced by the direct 
current. 

(21) Describe the action of the direct current on non- 
striated muscles. 

(22) On what do the effects of the direct current on the 
brain depend? 

(23) What effects are sometimes produced by percutaneous 
applications of the direct current to the brain, and how are 
these effects best avoided? 

(24) What is it necessary to remember in making a direct- 
current application to the spinal region with a view to influ- 
encing the cord? 
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(25) How would you demonstrate that part of the direct 
current applied percutaneousl}^ to brain or spinal cord passes 
through these organs? 

(26) What is the basis of electrodiagnosis in diseases of the 
nervous system? 

(27) How many methods are there for exploring motor 
nerves and muscles? 

(28) Which of these methods is preferable when using the 
galvanic current, and why? 

(29) What method is preferable when using the faradic 
current, and why? 

(30) State the apparatus required in the electrical examina- 
tion of motor nerves and muscles. 

(31) Why is the faradic current always used first in 
electrodiagnosis ? 

(32) State the important factors in electrodiagnosis of 
diseases of the nervous system. 

(33) Of what does 72 /), as described by Erb, consist? 

(34) Describe the reaction of (a) Rich ; (/>) Remak-Doumer. 

(35) Why does a muscle in condition of RD respond almost 
always to the galvanic current when it does not react at all to 
the faradic current or to static sparks? 

(36) State the elementary abnormal electrical reactions. 

(37) (a) Into how many groups may the abnormal elemen- 
tary reactions be arranged? (b) State them. 

(38) What do faradic inexcitability, longitudinal reaction, 
and sluggish muscular contractions signify? 

(39) How is longitudinal reaction elicited? 

(40) (a) State the different types in the alteration of the 
contraction curve. (6) To what pathological conditions do 
they correspond? 
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(41) What does the presence ot RD permit us to affirm? 

(42) With regard to prognosis, into how many stages may 
i^Z) be divided? 

(43) Of what value is i2 D in prognosis? 

(44) Of what value is J2D in toxic and infectious neuritis? 

(45) State the uses for diagnostic purposes in gynecology 
of (a) the faradic current; (6) the galvanic current 

(46) What is the value of electric resistances in electro- 
diagnosis? 

(47) State the effects of alternating magnetic fields on 
metabolism. 

(48) Name the two methods of investigating the relations 
of electric currents to living animal tissues. 

(49) Why does not a solution of sugar conduct the direct 
current? 

(50) Define an electrolyte. 

(51) To what is the conductivity of naturally occurring 
water to be attributed? 

* (52) What is the primary action of an electric current when 
passed through a liquid conductor? 

(53) State (a) the anions in ph3'siological fluids; (6) the 
cations in physiological fluids. 

(54) What becomes of the ions when they reach the poles 
of the electrolytic solution? 

(55) To what is the irritant action of the direct current on 
the skin due when platinum electrodes are placed directly on 
the skin? 

(56) In what two respects is the application of Faraday's 
law to the therapeutic uses of the direct current of the utmost 
practical importance? 
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(57) Define cataphoresis. 

(58) How may a good picture of the cataphoric action of 
the direct current be obtained? 

(59) Describe the technique of galvanococain anesthesia. 

(60) What is the composition of the electrodes generally 
employed in metallic interstitial electrolysis? 

(61) To what is the difference between the actions at the 
poles of a direct current applied to living animal tissues due? 

(62) State the essentials of metallic interstitial electrolysis. 

(63) State the three essential requirements in cerebral 
galvanization. 



TECHNIQUE AND PHYSIOLOGY 
OF COIL -CURRENTS. 



EXAMENTATION QUESTIONS. 

(1) What is the diflFerence between pulsating and alternating 
currents? 

(2) Why is it that the current through the primary faradic 
coil does not at once attain its full strength? 

(3) Does the current through the primary faradic coil cease 
at once when its connection with the electric source is broken? 
Give reasons. 

(4) What changes does the E. M. F. of the primary faradic 
coil-current undergo when the circuit is broken? 

(5) Why are not the E. M. F.'s of the make- and break- 
waves in the secondary faradic coil of equal magnitude? 

(6) Why may an ordinary faradic current be considered as 
interrupted and unidirectional? 

(7) If the positive waves of a faradic current are to be 
reenforced, what means are available, and how could this result 
be obtained? 

(8) A diagram of an alternating current-wave being given 
as in Fig. 7, what information can be derived from it? 

(9) How may induction-apparatus be classified? 

(10) State the purposes for which the 110- volt direct 
current may be utilized in a physician's onic(\ 

«7 
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(11) Whsii effect has a condenser on the seoondary current? 

(12) How are the voltage and amperage of seoondary 
coils tested ? 

(13) Why is the secondary coil made up of different lengths 
and sizes of wire? 

(14) (a) What is the nature of the faradic current as used 
in medicine? (6) Under what condition is it an alternating 
current? 

(15) Define tetanic muscular contraction. 

(16) How may the polarity of the faradic current he 
determined? 

(17) Describe the experiments of Debedat 

(18) State why the current from (a) the fine- wire coil is 
sedative, and (&) that from the coarse-wire coil is stimulating. 

(19) In pelvic diseases, why is the bipolar electrode used? 

(20) What are the special uses in pelvic diseases of the 
current from (a) the coarse- wire coil? (6) the fine- wire coil? 

(21) What method is used, and why, when it is desired to 
act on the pelvic circulation? 

(22) How do faradic currents stimulate (a) the capillary 
circulation? (h) the lymphatic circulation? 

(23) With electrodes of equal size, at which pole are the 
muscular contractions more manifest with all variations of 
E. M. F? 

(21) State Doctor Goelet's the»^ry of the production of 
sedation by the current fnira the long fine- wire e>iL 

(25) How does Doctor Apostoli explain the sedative effects 
of the rapidly interrupted current from the fine- wire coil? 

i 26"^ How would you remove fatigue or pain caused by too 
vigort^us or too long farai.lic applications? 

{27 ) On what do the va^somotor and sensory effects of faradic 
currents depend? 
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(28) What is the main cause of the reduction of E. M. F. 
in the secondary of the induction-coil? 

(29) How much is the available current-strength reduced 
in making an application through low resistance, say 3,000 ohms, 
of the current from the long fine-wire coil? 

(30) What effect has this resistance, 3,000 ohms, on the 
current from the coarse- wire coil? 

(31) What may be said of electrode resistance in faradic 
applications? 

(32) How does the number of intemiptions influence the 
current-strength of the secondary? 

(33) Define galvanofaradization. 

(34) Describe the technique recommended by Bordier in the 
treatment of myopathic atrophies. 

(35) In what affections is galvanofaradization the treatment 
of choice? 

(36) What are the two chief properties of direct intermittent 
currents as described by Leduc? 

(87) When and by whom was the sinusoidal current intro- 
duced into electrotherapeutics? 

(38) To what does Larat attribute the physiological effects 
of the sinusoidal current? 

(39) Describe the experiment of M. Labatut. 

(40) Describe the technique of the undulating current in 
vaginal and uterine applications. 

(41) When it is desired to increase the amperage of the 
sinusoidal current, how is this accomplished? 

(42) What apparatuses are necessary in administering the 
electric bath, and why are they used? 

(43) What percentage of the total current i)a88ing through 
the bath passes through the patient? 
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(44) (a) How is the electric douche utilized in making 
applications to mucous cavities? (6) What advantage has this 
application over those made with metallic electrodes? 

(45) How is general faradization applied to children? 

(46) In general faradization, where is the current (a) most 
annoying? (6) most tolerant? 

(47) When are the secondary coils under the maximum 
inductive influence of the primary coil? 

(48) What are the different methods of administering 
general faradization? 

(49) Give a synopsis of the apportionment of the average 
application of general faradization. 

(50) Describe the effect of galvanofaradization on (a) motor 
nerves and striated muscles; (6) non-striated muscles; (c) sen- 
sory nerves. 

(51) In the relief of neuralgia, what are the indications for 
the use of the faradic or sinusoidal current? 

(52) What special advantage has the four-celled electric 
bath of Doctor Schnee? 

(53) What is the chief advantage of the sinusoidal cur- 
rent over the current derived from the secondary of the 
induction-coil? 

(54) What are the effects of the sinusoidal current on the 
nutrition of tissues? 

(55) State briefly the therapeutic indications of the sinu- 
soidal current. 
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